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Dimetcote absolutely unique. not paint, contains oils, resins 

any other organic materials, yet can applied spray brush. 

When Dimetcote applied steel, reaction takes place the surface which 
produces chemical bonding well physical adhesion. almost 

impossible find the interface between Dimetcote and the steel. 


Dimetcote has many unusual characteristics. shows visible change after more 
than ten years exposure the most severe weather conditions sun, heat, fresh and 
salt water. insoluble all solvents and petroleum products. highly 

abrasion resistant, but abraded through bare steel, the coating 

will cathodically inhibit corrosion. 


Now tanks and structures can given the same protection that galvanizing 
affords, plus salt water resistance. Existing structures need not and 
new structures can coated either before after erection. Only one coat 

Dimetcote over sandblasted surface required protect such structures as: 


Tank Exteriors Cargo Tanks Tankers Dam Gates Structural Steel 
Christmas Trees Buoys Floating Roof Tanks Offshore Rigs 
Water Tanks Barges Ship Decks Stacks 


Write for the Dimetcote Technical Bulletin 


Follow the line 
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“How Zinc Controls Corrosion” 32-page, 11” illustrated booklet which 
has just been published the American Zinc Insitute which this company 
member. presents factual evidence that sound corrosion-prevention program 
based upon the use zinc its various forms will lengthen the life 
iron and steel products and slash maintenance costs steel structures they above 
ground, buried underground submerged fresh sea water. Although 
zinc either protective metallic coating, paint sacrificial anode —has 
long record successful performance for this purpose, products, techniques and 
controls are continually being improved the zine and galvanizing industries. 
Hence, there much new information which should the hands those who 
could profit it. This information yours for the asking. 


Copies “How Zinc Controls Corrosion” may obtained writing 


ST. JOSEPH LEAD COMPANY 


250 PARK AVENUE, NEW YORK 17, N.Y. 
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When conditions are tough, 


GALVOMAG protection best! 


anodes offer 25% greater current output than conven- 
tional anodes—an important added margin that paying off with 
dependable protection higher resistivity soils. 


average soils this high potential means four GALVOMAG anodes 
the work five conventional anodes—cutting installation costs 
time and labor. 


Get the facts and figures how you can reduce both your original 
investment and installation cost with GALVoMAG anodes. Call your 
Dow anode distributor today. THE DOW CHEMICAL COMPANY, Midland, 
Michigan. *Trademark of The Dow Chemical Company 
DISTRIBUTORS: CATHODIC PROTECTION SERVICE, Houston, Texas CORROSION SERVICES, INC., Tulsa, Okla. 


ELECTRO-RUSTPROOFING CORP. (Service Division), Belleville, N.J. ROYSTON LABORATORIES, INC., Blawnox, 
Penna. STUART STEEL PROTECTION CORP., Kenilworth, New Jersey THE VANODE CO., Pasadena, California 


Dow’s new 
high potential anode 
extends dependable 
cathodic protection 

higher 
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you can depend DOW MAGNESIUM ANODES 
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Dept., 1333 El Embarcadero, 
Long Beach 2, California. 


T-6A Organic Coatings And 
Linings For Resistance 
Chemical Corrosion 


R. McFarland, Jr., Chairman, 
Hills-McCanna Co., 3025 N. 
W. Ave., Chicago 18, Illinois 


c. G. Munger, Vice Chairman, 
Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, 
Calif. 

L. A. Ferris, Secretary, E. I. 
DuPont de Nemours & Co., 
Inc., Polychemicals Dept., 
Wilmington, Delaware 


T-6A-1 Heavy Linings 
H. C. Klein, Chairman, B. F. 


Goodrich Co., Cuyahoga 
Falls, Ohio 


Protective 
Coatings 


(Continued on Page 6) 
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CORROSION 


POSITIONS WANTED 
and 
AVAILABLE 


@ Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise- 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Advertisements to other specifications will 
be charged for at $10 a column inch. 


Positions Available 


Wanted: Aggressive corrosion engineer 
tendent for cathodic protection engi- 
neering and sales company New 
Orleans area. Requirements: 
ence, travel and desire make future 
for self. CORROSION, Box 55-21. 


Sales Executive for national corrosion 
prevention contractor. Knowledge 
coatings and cathodic protection with 
sales background good contacts es- 
sential. Location Right man 
eligible for partnership after first year. 
confidential. CORROSION, Box 
5-22. 


Engineer—Corrosion: Excellent oppor- 
tunity with major oil company located 
the Central States for man who has 
had prior experience cathodic protec- 
tion work bare and coated pipe lines. 
CORROSION, Box 55-26. 


CORROSION 


ENGINEERS 


Permanent positions open for 
graduate Electrical Engineers 
equivalent. 


Attractive starting salary with 
opportunity for advancement. 
Minimum years experience 
field testing and design 
corrosion mitigating systems 
required. Must willing 
travel, 


Submit resume 
experience, education 
and personal data to: 


Worthington 


EBASCO SERVICES INC. 


ENGINEERS, CONSTRUCTORS 
BUSINESS CONSULTANTS 


Rector St. New York, 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


Directory Technical Committees 


(Continued from Page 5) 

T-6-2 Vinyl Coatings 

K. Tator, Chairman, 2020 Mon- 
tour Street, Coraopolis, Pa. 

T-6A-3 Vinylidene 
Chloride Polymers 

R. L. Brown, Chairman, The 
Dow Chemical Co., Midland, 
Mich. 

T-6A-4 Phenolics 

F. Baskett, Chairman, 
Ella Blvd., Houston, 

T-6A-5 Polyethylene 

L. S. Van Delinder, Chairman, 
Carbide & Carbon Chemicals 
Co., South Charleston, West 
Va. 

Rubber and 
Elastomers 

H. C. Klein, Chairman, B. F. 
Goodrich Co.,, Cuyahoga 
Falls, Ohio 


T-6A-7 Silicones 

R. McFarland, Jr., Chairman, 
Hills-McCanna Co., 3025 N. 
Western Ave., Chicago, Ill. 

T-6A-8 Methyacrylates 


L. S. Van Delinder, Chairman, 
Carbide & Carbon Chemicals 


4334 
Texas 


T-6A-11 Epoxys 

Cc. G. Munger, Chairman, 
Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, 
Calif. 


T-6A-12 Fluorocarbons 


L. A. Ferris, Chairman, E. I. 
DuPont DeNemours & Co., 
Inc., Wilmington, Delaware 


T-6B Protective Coatings for 
Resistance Atmos- 
pheric Corrosion 

L. L. Sline, Chairman; Sline In- 

dustrial Painters, 2612 Gulf 


Terminal Drive, Houston, 
Texas. 


Howard C. Dick, Vice Chair- 
man, Products Research 
Service, Inc., Box 6116, New 
Orleans, Louisiana 


T-6C Protective Coatings for 
Resistance Marine 
Corrosion 

Raymond P. Devoluy, Chair- 


man, The Glidden Oo., Room 
1310, 52 Vanderbilt Avenue, 


T-6G Surface Preparation 
For Organic Coatings 
minium Laboratories, Ltd, 
Box 84, Kingston, Ontario. 
Canada 
8. C. Frye, Vice Chairman, Re. 
search Dept., Bethlehen 
Steel Co., Bethlehem, Pa, 


T-6H Glass Linings And 
Vitreous Enamels 


G. H. McIntyre, Chairman 
Ferro-Enamel Corp., Har. 
vard & 56th Street, Cleve 
land Ohio 


T-6K Corrosion Resistant 
Construction With 
Masonry Allied 
Materials 


L. R. Honnaker, Ch:irman; RB, 
Inc., Engineerir Depart. 
ment, Louviers /'uilding 
Newark, Del. 


George P. Gabriel, \ ice-Chair. 
man; Atlas Miners. Products 
Company, Mertztown, Pa, 


Co., South Charleston, West 
Va. 


T-6A-9 Furanes 

F. Baskett, Chairman, 4334 
Ella Blvd., Houston, Texas 

T-6A-10 Polyesters 


R. R. Pierce, Chairman, Penn- 
sylvania Salt Mfg. Co, 3 J. 
Penn Center Plaza, Phila- 
delphia, Pa. 


R. F. Daw, 


Positions Available 


Graduate Electrical Engineer, experi- 
enced maintenance electrical con- 
trols for pipe line pumping equipment 
and the design and installation ca- 
thodic protection systems for pipe lines. 
Travel required. Write Box 22, 
Harrisburg, Pa. 


Physical chemists, Electrochemists, 
Chemical Engineers with training 
physical chemistry wanted for research 
and development, Work will involve lab- 
oratory studies the fundamentals 
corrosion chemistry, and analysis 
practical corrosion problems that arise 
all phases the petroleum industry. 
Interest both fundamentals and en- 
gineering applications necessary. Corro- 
sion experience and knowledge sta- 
tistics helpful but not required. 
Address: 

Gulf Research Development 

Company 
Drawer 2038 
Pittsburgh 30, Pennsylvania 


Positions Wanted 


Corrosion Engineer—B.S. Chemistry, 
age 28, married, years varied chemical 
and corrosion engineering experience. 
Now employed petroleum production 
corrosion engineering—research, devel- 
opment and application. Seeking greater 
job responsibilities and future opportu- 
nity. CORROSION, Box 55-25. 


New York 17, New York, 


Vice-Chairman, 
The Texas Co., 
42nd St., New York 17, N. Y. 


T-6E Protective Coatings 
Petroleum Production 


L. Robertson, 
Phillips Petroleum Co., Bar- 
tlesville, Oklahoma 


T-6R Protective 
Research 
Robert H. Steiner, Chairman, 


Naugatuck Chemical (Co, 
Naugatuck, Conn. 


135 East 


Joseph Bigos, Vice-Chairman, 
Steel Structures Painting 
Council, Mellon fnst., 440) 
Fifth Ave., Pittsburgh 13, 
Pa. 


Chairman, 


REGIONAL and SECTIONAL 
OFFICERS—CHANGES 


SOUTH CENTRAL REGION 


H. L. Bilhartz, Trustee at 
Large; Production Profits, 
Inc., 2406 N. Fitzhugh Ave- 
nue, Dallas, Texas 


Carolinas Section 


Robert D. Williams, Chair- 
man; 108 Cedar Lane, Char- 
lotte 7, North Carolina 


Rodney B. Teel, Vicé-Ch 
man; 43 Lee Drive, 
Forest, Wilmington, 
Carolina 


William C. Burnett, Secretary- 
Treasurer; Southern [Pell 
Telephone & Telegraph o., 
Box 240, Charlotte 1, North 
Carolina 


Positions Wanted 


perience 


Sales Engineer—Seven years 


technical selling metropol 
York area—last three years 
tive organic coatings. 
ist. Chemist, M.S, 
structor college chemistry. Age 
Member NACE. 


55-23. 
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Stops Rust 
Rust Creepage 


Provides Protective Coating Comparable 


Hot Dip Galvanizing Electroplating 


quires special pickling primary prepara- 
effective over new metal 


(after wire brushing) over rusted surfaces. 


Protection starts immediately and lasts. 


Z.R.C. ready for use comes from the 


can—or may thinned for spraying with or- 


dinary paint thinner desirable. Our vehicle— 
development (noted for toughness, flexi- 
bility and adhesion) contains anti-settling 
agent that Z.R.C. does not require constant 
stirring. touch dry minutes, perma- 
nently set four hours. Coating flat light 
gray color and can built any desired 
thickness. 


Cost lots, low per sq. ft. 
Coverage averages sq. ft. per pound. Con- 
and 120 cans. 


scratch or electrochemical action 

abrasion between A and Al and 

i B ond B! inhibits 
spread of rust 


This drawing the most concise explanation 
efficiency anti-rust agent. The 
action iron steel electrolytic and sacri- 
ficial. becomes anodic while the pro- 
become cathodic the presence 
vapor. Corrosion attacks the anode 


helps retard further corrosion. The cathodic 
iron steel untouched. 


the coating penetrated abrasion 
strong, sharp impact, rust may form the 


exposed metal surface, BUT CANNOT 
SPREAD! 


Research and development metallic zinc 
coatings began over fifteen years ago—Z.R.C. 
accepted and now being used public 
utilities and leaders the appliance, electronic, 
construction, textile, ship building and plumb- 
ing industries. (Names are available request. 


The Sealube Co. 
14-20 Valley St. 


Wakefield, Mass. 
INVITES YOU TRY 


(Reg. Pat. Off.) 


THE SEALUBE CO. 
14-20 Valley St., Wakefield, Mass. 


Please mail free test sample Z.R.C. to: 
Attention 

Firm 

Street 


City and 
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PITT CHEM completely immune 
Crude Petroleum, Tests Indicate 


Pitt Chem revolutionary new coal tar- 
epoxy resin protective coating with unique combina- 
tion corrosion-resistant properties. Here’s what 
can for you: 


(1) Stop corrosion caused sour crude petroleum and 
petroleum products. Tests indicate that 
completely immune crude petroleum, diesel 
fuel, high-test gasoline, aviation gasoline and jet 
fuel. recommended for storage tanks, 
bottoms and apparently provides 
tection for vapor areas well. 


(2) Stop corrosion caused hydrochloric acid, 
sodium hydroxide, and salt solutions. 


(3) Stop corrosion caused occasional spillage 
aromatic solvents such benzol, toluol, xylol, 
and coal tar high flash solvent naphtha. 


(4) Stop corrosion piping and 
ground below. 


easy mix and apply brush, roller 
spray. shipped two-component system, with 
the catalyst separate from the coating until time 
you have problem involving any the 
conditions listed above, write today for the 
representative call. 

Trademark the Coke amical Co. 
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“Ral 


Two Week Immersion Tests, Salts and Acids: 
immersion test 10% solutions hydrochloric 
acid, sodium hydroxide and salt solutions, 14-day 
immersion. attack. 


Two Week Immersion Tests, Petroleum Products: 
Tests the coating diesel fuel, high-test 
gasoline, aviation gasoline and jet fuel over 
period two weeks indicate absolutely attack 
the coating. 


Aromatic Solvents Immersion Tests, Hours: 
The coating after thorough setting may im- 
mersed benzol, toluol, xylol, coal tar high 
flash solvent naphtha for period hours 
without damage the coating and only slight 
discoloration the solvent. 


Impact Test: The coating was applied 7/64” 
and allowed hours’ setting time. After being 
subjected impact test specified AWWA 
tests, coating was shattered from the plate 
direct impact. There was loosened coating. 


Send for Descriptive Booklet 
today 


Free booklet tells how use 
amazing new reduce 
costly corrosion. Gives detailed 
description specifi- 
cations, properties and applica- 
tion characteristics. Write for 
your copy today! 


Cold Test: The coating can subjected cold 
test 30° below zero without shattering 
loosening any coating from the plate. Even under 
impact immediately after removal from the cooler 
30° below zero, the coating does not disbond 
impact. 


High Heat: The coating has been subjected 
temperatures high 400° for several hours. 
Unlike most coatings, does not soften heating 
but becomes harder. 400° the coating hard 
and brittle, but does not lose bond. 


Adhesion: has the greatest adhesion 
metal and concrete surfaces any the coal tar 
coatings, evidenced the impact tests sug- 
gested above. virtually impossible remove 
the coating from metal surfaces except sand 
grit blasting. 


Atmospheric Exposure: atmospheric exposure 
the coating tends chalk like white lead paint. 
The underlying coating under the chalking quite 
stable and quite resistant to, corrosion. 


5760 
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Protective Coating keeps this conduit 


safe from corrosive attack chemically treated water 


Rugged Polyken Tape has prevented corrosion damage here since 1951 


The conduit pictured above in- 
stalled water cooling tower 
serving one the world’s largest 
fluid catalytic cracking units Gulf 
Oil’s Port Arthur, Texas, Refinery. 

were unprotected, the con- 
duit would soon destroyed cor- 
rosion. But Polyken Protective Tape 
Coating has been the job for 


PROTECTIVE COATINGS 


Polyken Products Department The Kendall Company 


years, providing dependable protec- 
tion. What’s more, Polyken 
shows sign deterioration. 
Polyken Protective Coatings are 
tough plastic tapes. manu- 
factured from controlled raw mate- 
rials under controlled conditions. 
They offer high resistance corro- 
sive atmospheres varying tempera- 


Name 


Company 
Street Address 


tures. Thickness and composition 
the polyethylene backing and ad- 
hesive mass are consistent. 

Polyken Protective Coatings 
quickly and economically right from 
thinners, drying clean-up time 
required. 

Get all the facts the 
coupon 


Polyken, Dept. 

Department The Kendall Company 

222 West Adams Chicago Illinois 

Please send samples and further informa- 
tion POLYKEN PROTECTIVE 
COATINGS. 
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NATIONAL 


TRADE-MARK 


QA* 


LOW COST 
EASY USE 


WIDE 
APPLICABILITY 


ASSEMBLING 
TYPE ANODES 


Cut and strip cable; slip 
anode halves 


Join anode halves, using 
sealing cement 


Crimp connector 
cable ends 


With the assembly technique shown Anodes are shipped from stock 


‘ion 

above, long-lasting anodes National three standard sizes: 12”, 20” 
Carbon’s graphite can installed and Crimp-type connectors fit 

cable exactly where needed. Type sizes 7-strand cable. 

t irom 


nts or 


time Use them for protecting 
time 


BARE PIPE WATER METALLIC CABLE SHEATH SUBMERGED STRUCTURES 
many applications, find economical for construction conven- 
“National” Anodes Type the most tional, horizontal vertical ground beds. 


FIGURE YOUR NEXT JOB WITH TYPE ANODES AND SAVE! 


WRITE FOR CATALOG SECTION 


: The term “National” is a registered trade-mark of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY Division Union Carbide and Carbon Corporation, East 42nd St., New York 


Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco 
CANADA: Union Carbide Canada Limited, Toronto 


Applied For 


— 
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takes pride announcing 


UNCOATED 


COATED 


Improved Design Weld-On Ib. and Ib. 
Marine Anodes Offer Several Distinct Advantages 


Direct visual evidence improvement seen the photos above, which compare the amount calcareous coating formation the cathode 
metal around the bare and coated anodes after equal exposure sea water. 


Better distribution protective current over Core exposure and the attendant galvanic 
the cathode (structure) surface. losses are reduced minimum, and prema 
wide range current output and anode life ture core exposure during use can avoided. 
without sacrificing anode efficiency. lower with less drag. 
Flexibility installation: attachment either Completely self-contained; 
bolting welding possible. needed. Regis 


FIRST LINE 
MATERIALS INCLUDE: 


Duriron Anodes 

Dow Magnesium Anodes 

American Zinc Anodes 

CPS Graphite Anodes 

Good-All Rectifiers 

Scotchrap Tape Coatings 

Betzel Tapesters 

Maloney Insulating Materials 

Erico Cadweld Welding Materials 
Fisher M-Scope Pipe and Cable Locators 
Detectron Pipe Locators 

Wahlquist Pipe Locators 

CPS Graphite Anode Backfills 

Homco and Barada and Page Backfills 
Agra and CPS Meters 

Associated Research Resistivity Meters 
Rubicon Potentiometers 

Pearson Holiday Detectors 

Holloway Shunts 

Rome Direct-Burial Cable 
Ditch-Witch Trenchers 


Write for Bulletin No. 


protection 


Everything the cathodic protection field 
from insulating washer turnkey contract installation. 


NOTE: 
NEW PHONE 
NUMBERS 


OFFICES LOCATED 


HOUSTON 
Box 6387 
(4601 Stanford Street) 
Houston 6, Texas 
JAckson 2-5171 


TULSA 
310 Thompson Building 
Tulsa 
CHerry 2-9857 
NEW ORLEANS 
1147 Annunciation St. 
CAnal 731+ 
New Branch Office in 
CORPUS 
1522 So. Stapies 
TUlip 3-7264 


DENVER 
(Golden) Box 291 
CRestview 9-2215 
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this 20-page 
Dispersions Manual 


Learn how you can get the advan- 
tages KEL-F fluorocarbon plas- 
tic: corrosion and heat resistance, 
anti-adhesion, abrasive resistance, 


excellent electrical properties, 


moisture resistance 


dispersion coating, 


dipping 


sories 


© Registered trademark of The M. W. Kellogg Company’s fluorocarbon polymers 


interested Dispersion Coating Applications for: 


KELLOGG trailer tanks calendering rolls 


tankcars forming dies 
storage tanks guide rolls 
THE KELLOGG COMPANY 


pipe lines mattress molds 


Chemical Manufacturing Division 


Please send copy the new Kellogg Manual, 
“Application Techniques for KEL-F® Fluorocarbon Poly- 
mer Dispersions.” 

Name 

Title 

Company 

Address 


City State 


pumps 

mixers 

valves 

flowmeters 

reactors 

shipping containers 
waste neutralizers 
agitators 


Other applications (please list) 


tire molds 
ribbon blenders 
cone blenders 


hoppers 
casting molds 


coated glass tape 

miniaturized stators 

distribution transformers 
miniaturized relays 
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coatings can now 


many more metal-protection jobs 


a 


Large ductwork protected with heavy duty Unichrome Plastisol Coat- 
ings. Photo courtesy Kaybar, Incorporated — Hazel Park, Michigan 


Unichrome Coating 5300 sprays give 
smooth coatings mils thick thicker 


Even large equipment can now protected heavy film buildup join the right com- 
with Unichrome Coating 5300 makes bination for durable metal protection. 

practical spray application thick films. short 
bake 350° turns this liquid, resinous material 
into tough, rubbery and heavy duty film 
that makes ordinary metals fit for severest serv- 
ice conditions. 


Unichrome Plastisol Compounds are also 
available for dipping, troweling and other meth- 
ods application. More information the ad- 
vantages plastisols Bulletin VP-1. Send 
for it! 

The first successful sprayable plastisol, Coat- 
ing 5300 can applied even cold vertical 
surfaces thicknesses mils per dry 
coat. That’s times thicker than ordinary 


For protection you apply like paint... 


able that can some jobs plastisols 
pores can and many that plastisols cannot 
And since Coating 5300 vinyl material, do, especially large structural work. Ucil- 


Coatings include vinyl, phenolic, fish oil, 
withstands acids, alkalies, salt solutions, and and rubber 
host other chemicals and corrosives that at- types. Bulletin MC-8 gives details. 

tack ordinary coatings and the metals they are *Trade Mark 
supposed protect. Chemical inertness and 


COATINGS FOR METALS 


Trode Mort 


100 East 42nd Street, New York 17, N. Y. 


UNITED CHROMIUM DIVISION Detroit 20, Mich. Waterbury 20, Conn. 
METAL & THERMIT CORPORATION East Chicago, Ind. * El Segundo, Calif. 
Canada: United Chromium Limited, 
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crossings installed 
since 1950... equipped with 


TYPE CASING BUSHIN 
POSITIVE SEAL POSITIVE INSULATION 


abuse and weight backfill 
INSTALLED Shield Required. 


yy 


4038 TULSA 9, OKLAHOMA 


Houston « Pittsburgh Kenilworth, N. J. * Amarillo Casper Provo, Utah Joliet, Illinois * Los Angeles San 
e Edmonton « London, Ontario *« Calgary * Buenos Aires ¢ Durban, Natal, South Africa 


REPRESENTATIVES 


Francisco ¢ Bartlesville, Okla. 


a 


CORROSION 


non-profit, scientific and research association individuals 
and companies concerned with corrosion interested it, whose 
objects are: 


(a) promote the prevention corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(b) provide forums and media through which experiences with corrosion 
and its prevention may reported, discussed and published for the 
common good. 


(c) encourage special study and research determine the fundamental 
causes corrosion, and develop new improved techniques for its 
prevention. 


(d) correlate study and research corrosion problems among technical 
associations reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and 
design corrosion control, 


contribute industrial and public safety promoting the preven- 
tion corrosion cause accidents. 


(g) foster cooperation between individual operators metallic plant 
and structures the joint solution common corrosion problems. 


(h) invite wide diversity membership, thereby insuring reciprocal 
benefits between industries and governmental groups well between 
individuals and corporations. 


incorporated association without capital stock, chartered under 
the laws Texas. Its affairs are governed Board Directors, elected 
the general membership. Officers and elected directors are nominated 
nominating committee accordance with the articles organization. 
Election the membership. 

Inquiries regarding membership, and all general correspondence should 
directed the Executive Secretary the administrative headquarters 
the National Association Corrosion Engineers 1061 Building, 
No. Main Street, Houston Texas. 


Officers, 1955-56 


St. Louis, Mo. 


Pittsburgh, Pa. 


Houston, Texas 


1061 Building, Houston Texas 


Directors 


President 


Monsanto Chemical Co., St. Louis, Missouri 


Vice-President 


Tar Products Div., Koppers Co., Inc., Pittsburgh, Pa, 


Treasurer 


Humble Pipe Line Company, Houston, Texas 


Past President 


Shell Development Co., Emeryville, 


Representing Active Membership 


Sun Pipe Line Co., Beaumont, Texas 


The International Nickel Co., Inc., New York, 


Midwestern Engine Equipment Co., Inc. 
Tulsa, Okla. 


Interstate Oil Pipe Line Co., Shreveport, La. 


Representing Corporate 


Amercoat Corp., South Gate, Cal, 


Pennsylvania Salt Mfg. Co., Philadelphia, Pa. 

American Locomotive Company, Houston, Texas 

Mountain Fuel Supply Co., Salt Lake City, Utah 


Nooter Corporation, St. Louis, Missouri 


Representing Regional Divisions 


Southern California Gas Co., Los Angeles, Cal. 


Alloy Steel Products Co., Inc., Atlanta, Ga. 


GEORGE (Northeast) 1954-57 
Mutual Chemical Division, 
Allied Chemical Dye Corp., Baltimore, Md. 


WALTER CAVANAGH. (North Central) 1953-56 
Parker Rust Proof Company, Detroit, Michigan 


DERK HOLSTEYN........(South Central) 1953-56 
Shell Oil Company, Houston, Texas 


International Nickel Co. Canada, Toronto 


Directors Officio 


VAN NOUHUYS, Chairman Regional 
Management Committee 
Southeastern Pipe Line Co., Atlanta, Ga. 


Committee 
Ebasco Services, Inc., New York, 


THOMAS MAY, Chairman Publication 
International Nickel Co., Inc.. New York. 

LARRABEE, Chairman Technical 
Committee 

Steel Corp., Monroeville, Pa. 
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Copper Corrosion Resistance Ammonia 
Good Design, Stress Relieving 


LEVINSON* 


sidered practically useless ammonic 
and/or nitrogen bearing solutions, matter 
fact, ammonia solutions are used many plants 
alternate for the mercurous nitrate test (ASTM- 
B-154-51) discover residual stresses copper-base 

wrought 


and its alloys always have been con- 


Very rarely are the amines, the nitrates, nitrites 
other active nitrogen-bearing base chemicals allowed 
tocome contact with copper materials construc- 
tion because the very rapid attack the grain 
boundaries. Intergranular stress corrosion cracking 
usually accompanied some transcrystalline 
cracking depending the violence the failure. 

interesting group experiments was run 
Ampco Grade rolled sheet (ASTM-B-169-Alloy 
determine behavior under influence given 
concentration ammonia—and the effects stress, 
temperature and time. 

standard solution percent NH,OH(Aq) 
was selected for exposure atmospheric tempera- 
ture and approximately 212 

The metal conditions selected were: 

received strip. 
welded strip. 

and stress relieved 850 
and stress relieved 1150 


The above four types, varied stressing yield 
point (or beyond for atmospheric exposures). 


Several generalizations may made from this 


tests: 


More rapid and severe cracking may expected 
. *j 

the vapor zone than the liquid zone. 

Attack due general chemical combination type 
corrosion more rapid the liquid zone (sup- 
ported weight loss measurements stress face, 
heat-treated samples). 

Increase temperature increases rate attack 
both vapor and liquid zone. 

heat treatment definitely improves the re- 
stress corrosion cracking percent 
solution. 


* Process 
ocess industries, Ampco Metal, Inc., Milwaukee, Wis. 


conclusion might said that there very 
interesting observation made. Many materials 
normally considered unsuitable for given applica- 
tion may become useful with proper design and en- 
gineering. 


2 
Figure 1—Showing results immersion tests room temperature. 


TABLE 1—Welded Samples (212 


| | RESULTS 
Run 2 
As welded No failure Crack failure— 
fusion zone 
Small incipieat 
cracks 
No failure 


Vapor 
SR @ 850 F No failure 


Vapor 
Vapor No failure 
Liquid 
Liquid 
Liquid 


No failure | Incipient cracks 
No failure No tailure 
No failure No failure 


As welded 
| SR @ 850F 


Note: h 
solution. 


RESULTS 


TABLE 2—Sheet Samples 


Sample Zone Condition 


Crack failure 
No failure 
No failure 
No failure 

| No failure 
No failure 


No failure 
No failure 
No failure 
No failure 
| No failure 
No failure 


As stressed 
SR @ 850F 
SR @ 1150 F 
As stressed 
| SR @ 850 F 
| SR @ 1150 F 


Wes... | Vapor 
N9 
N11 ..-| Vapor 
NS........+| Liquid 
Liquid 
N12 .| Liquid 


Note: SR indicates stress relief. Samples were stressed and then heat 
treated. 


TABLE 3—Total Immersion Room Temperature 


Condition Result 


Sample Exposure Time | 
Cracked at center 
No failure 


5 days 
12 days 


As stressed 
1150 F SR 


| 
4 
1a 
3 
4 
q 
| 
4 
4 
7 


Introduction 
INCE the studies the surface oxidation 
metals Tammann! and Pilling and Bedworth? 

the early 1920s, extensive research has been com- 
pleted elucidate the manner and rates growth, 
structure and various physiochemical properties 
oxide films metals. Applied and basic research 
active progress this field and, although much 
further knowledge required, many principles 
value the study corrosion have been established. 
Because the increasing application metals 
high temperature environments considerable research 
effort being expended the development suit- 
able alloys resistant oxidation, fretting corro- 
sion, emphasis being placed studies elucidate 
the role the oxide film. Recently, electrochemi- 
cal corrosion, concepts applicable the formation 
oxide films have been introduced explain the 
initiation corrosion mildly corrosive environ- 
ments. Principles applicable formation oxide 
films and their role wet corrosion metals are 
outlined this review, 


Film Structure and Oxidation Rate Laws 
General 

The resistance metal oxidation depends 
upon the nature the film formed the surface. 
Oxidation rates may follow specific types curves; 
the equations these curves are designated 
tion rate These rate laws are shown Table 
and represented graphically Figure 

The linear and inverse logarithmic relationships rep- 
resent the extreme cases surface oxide formation 
the former rate constant regardless thick- 
ness whereas the latter rate slows 
value. 

low temperatures many metals form 
(10 stable film according inverse 
logarithmic law. intermediate temperatures (100- 
300 film growth metals may continue any 
the above laws and sufficiently high tempera- 
tures oxide growth generally occurs parabolic 
linear rate. 

These oxidation rate laws can derived from 
assumptions about the structure the oxide film. 
Two types models are commonly used. The first 
assumes the formation continuous compact film 
which the reaction rate controlled diffusion 
ions and electrons through lattice defects the 
film. These lattice defects consist metallic ions 
interstitial lattice positions, cation vacancies and 
electron holes. The second assumes the formation 
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FILM THICKNESS 


Abstract 


Phenomenological basis kinetic laws governing 
oxidation described illustrate manner growth 
and protective properties oxide films meials. 
Metals are separated into groups forming 
excess” and “metal-deficit” oxide films and emphasis 
placed role lattice defects governing 
fusion metal through film react with 
ment. Effects alloying elements oxidation rates 
metals are discussed terms formation 
films consisting heterogeneous mixtures and 
solutions oxides and intramolecular oxides, Spe- 
cial reference made aluminum and its alloys 
for illustrative examples. figures, references. 
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Figure 1—Oxidation rate laws. 
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Oxidation | Differential 

Rate Law Equation | Integral Form 
| dx/dt =ke/x? x3 =Kst + K4 
Inverse L -ogarithmic.. | dx/dt =kssinh ke/x 1/x =Ks — Ko logt 
Linear. . dx/dt =k7 x =Kiot + Ku 


x is film thicken, t is time, 
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2—Cubic divalent metal-excess oxide film. 


lattice defects may also play important 


role. 


Compact Oxide Film with Lattice Defects 


ing Classification Metallic Oxides 
The lattice defect structure metal oxide 
al- must identified order interpret the mecha- 
nism growth. Surface oxide films are classified 
the properties their bulk crystalline 
oxides because, ordinary temperatures, metallic 
slid oxides are not exact stoichiometric composition. 
excess metal atoms the form cations in- 
terstitial lattice positions and corresponding excess 
free electrons. This illustrated for cubic 
divalent metal oxide Figure Film growth occurs 
diffusion metallic ions through the interstitial 
lattice positions from the metal the gas/oxide 
interface and free electrons react with oxygen. 
being deficient metallic ions and contains 


vacant lattice sites. This illustrated for cubic 

divalent metal oxide Figure maintain elec- 
trical neutrality, there equal deficiency elec- 
trons from lattice positions which are designated 
ion places higher valence state and 
“electron holes” consist such ions. this 

case, metallic ions diffuse from the metal through 
cation vacancies the film the oxide/oxygen 

interface combine with oxygen. ZnO, CdO, 
are metal-excess oxides whereas Cr,O;, CoO, 
and NiO are metal-deficit oxides. This 
for interpreting oxidation reactions because 
the reaction rate dependent the concentrations 
mobilities ions defect positions. 


Wagner, and Gulbransen and Andrew Theories 
Parabolic Oxidation 


ich was known from the work Tammann and 
and Bedworth that parabolic law governed 


the formation compact oxide layer. 1933 


PRINCIPLES OXIDATION AND CORROSION 


OXYGEN 


N 


METAL CATION VACANCY 


ELECTRON HOLE 


Figure 3—Cubic divalent metal-deficit oxide film. 


applied the model first described and as- 
sumed that the rate determining step the oxida- 
tion was the diffusion metal ions through lattice 
defects compact film. has presented 
review this theory which the parabolic rate 
constant expressed terms electrical transport 
quantities, 

The equation for the parabolic law may derived 
simply follows. Assuming that there elec- 
trical field across the oxide layer (this can done 
the case thick films) the ion current is, 


where the diffusion coefficient and dn/dx the 
concentration gradient interstitial ions cation 
vacancies. Thus, the rate film growth is, 


the volume oxide per metal ion. Since the 
concentration gradient inversely proportional 
the film thickness, integration gives the equation 
the parabolic law 


Kit + 


and are the number interstitial ions va- 
cancies per centimeter the oxide/oxygen 
and oxide/metal interfaces. 

This theory has been developed further 
bransen and and who assumed 
that the concentrations interstitial ions metal- 
excess oxides vacancies metal deficit oxides 
may expressed terms the standard free 
energy change for the dissociation reaction the 
metallic oxide and that the value the diffusion 
coefficient may calculated from classical diffusion 
theory. The magnitude the parabolic rate con- 
stant, K,, can calculated the free energies for 
formation and diffusion the defects can ex- 
pressed terms their heats and entropies. The 
calculated values the parabolic constants for 
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given metal may compared the experimentally 
determined value verify the validity the as- 
sumed model. 

The preceding methods have not been applied ex- 
tensively many metals due lack sufficient 
thermodynamic data and values physical param- 
eters for their oxides. these cases, the following 
equation derived from transition state theory 
used express the parabolic constant: 

2kT 


where and are the activation energy and 
entropy reaction respectively, Boltzmann’s 
constant, the gas constant, Plank’s constant 
and the interatomic distance between diffusion 
sites, This expression useful because the values 
the activation energy and entropy reaction can 
used classify oxidation characteristics dif- 
ferent 

Mott and Cabrera Theory Metal Oxidation 


The parabolic law oxidation can also derived 
from the concepts and Cabrera and 
which can employed also derive the inverse 
logarithmic and cubic laws. This theory based 
the first model—that compact film with lattice 
defects. Consideration must given the electrical 
field, which due the contact potential between the 
metal and the oxide film, influences the manner 
film growth degree dependent upon its thick- 
ness, Concepts are presented which are applicable 
the formation “metal-excess” oxide film. 

The potential energy diagrams metal ions and 
electrons metal-excess oxide film with surface 
layer adsorbed oxygen are illustrated Figures 
and respectively. Figure shows the energy 
levels before electrons have passed through the film. 
There are vacant electron levels the adsorbed oxy- 
gen atoms below (by energy eV) the Fermi level 
electrons the metal. Accordingly electrons flow 
from the metal (over through the potential energy 
barrier thermionic emission tunnel effect) 
the empty oxygen levels until the steady state repre- 
now exists across the oxide film which aids 
the diffusion the metal ions. For film growth, 
metal ions must escape over the potential barrier, 
Figure and diffuse through interstitial posi- 
tions the oxide react with adsorbed oxygen. 
The rate escape metal ions with these condi- 
tions proportional the Boltzmann factor, 


exp. W/kT exp. (10 


where the electrical field, the electrical 
charge metal cation and the half width 
the potential barrier, 

This field strong across very thin films (less 
than 100 that approximation can made for 
the Boltzmann factor. Thus, the rate film growth is, 


where the number metal atoms per square 
centimeter suitably located for movement from the 
metal into the oxide film and the frequency 
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Figure 4—Electronic levels metal, oxide and adsorbed 
(a) Before electrons have passed through oxide. (b) When equilibriym 
set up. 


(a) 
OXYGEN 
ADSORBED 
OXYGEN 
OXIDE 


Figure ions for metal-excess (a) lons inter. 
stitial positions. (b) lons normal positions. 


POTENTIAL ENERGY 


vibration the metal This expression leads 
the inverse logarithmic law oxidation, 

intermediate film thicknesses the condition may 
arise that and the diffusion 
approximation can now made for the 
mann factor. Hence, the rate film growth is, 


(12 


where the mobility the interstitial 
this instance, the parabolic rate constant is, 


exp. W/kT (13 
The effect the electrical field negligible for 
thick films and the parabolic rate constant 
tion governs film growth. According this theory, 
the equation for the parabolic rate constant is, 


Here, and are the concentrations interstitial 
positions the oxide and electrons the metal, 
respectively. 

noted that the expressions for the 
bolic rate constant equations and are 
Arrhenius form 

where the frequency factor and the active 
tion energy reaction. Thus, this energy term 
determined from the temperature coefficient 
the parabolic rate constants, 


Model Oxide Film with Macroscopic 
The second type model assumed film 
containing macroscopic defects well the lattice 
defects already discussed. Macroscopic defects 
assumed pores, cracks and blisters and 
believed caused internal film stresses, the 
existence which has been 


FILM THICKNESS 


Figure 


ao 
~™ 


> 


FILM THICKNESS IN ANGSTROMS 
a 
Qa 


Figure 


mod 
fects 

no re 
meta 
linea 
view 
that 
than 
breal 
contr 
lattic 
again 


Rie. 


ag 
OXIDE 
j (a) ( b) q 
NRA 
— ; 709 — O he 
0 
V 4 
4 
q 


oxygen” 


XYGEN 


leads 


may 
elocity 

Boltz- 


ble for 
equa- 
theory, 


metal, 


are 


rm can 
ient 


fects 

lattice 
‘ts 
are 
es, the 
Several 


PRINCIPLES OXIDATION AND CORROSION 
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FILM THICKNESS 


TIME HOURS 


Figure formation evaporated aluminum films dry oxygen 
room temperature. References: Curve curve curve 
curve 


FILM THICKNESS IN ANGSTROMS 


OXIDATION TIME DAYS 


Figure formation evaporated aluminum films dry oxygen 
temperature range 10-200 


models oxide films containing macroscopic de- 
fects have been advanced explain the occurrence 
linear and logarithmic rate laws. 

With imperfect film, macro-defects may offer 
resistance the passage gas molecules the 
metal surface. Thus, oxidation will proceed 
linear law the reaction rate remains constant. This 
view has resulted the Pilling and Bedworth 
metal oxidation that metal may obey linear 
law its oxide occupies smaller volume than that 
the consumed metal. has been suggested also 
that metal which forms oxide larger volume 
than that consumed metal may obey linear law 
stress relief causes breakdown the film. This 
breakdown may partial resulting 
the formation poraus oxide over compact film 
constant the latter case, the rate 
controlling factor the diffusion ions though the 
lattice defects the compact film and the rate 
again constant, present, these explanations the 
linear law oxidation have not been confirmed 

different condition assumed develop when 


oxidation the metal the base macroscopic 
defect blocks and produces certain small chance 
film rearrangement and blocking other defects 
its this instance, the number 
macro-defects decreases oxidation proceeds and 
proportional the quantity oxygen consumed. 
This leads decreasing rate oxidation with 
time and mathematical derivation from these as- 
sumptions yields the logarithmic law oxidation 
equation and Figure This law oxidation also 
may derived for film containing random net- 
work 


Oxidation Aluminum 

General 

The oxidation aluminum may selected 
one specific case illustrate the applicability and 
limitations metal oxidation principles. Although 
further information required, considerable knowl- 
edge its oxide film properties have been obtained 
analyzing oxidation results according the prin- 
ciples formulated explain oxidation rate laws. 
Aluminum assumed form compact “metal- 
excess” oxide film because its oxidation rate largely 
independent oxygen and ultraviolet ra- 
this model provides adequate descrip- 
tion the actual oxide film, oxidation proceeds 
diffusion metal ions through interstitial lattice 
positions and electrons the oxide/gas interface 
where reaction occurs. Consequently, the Mott and 
Cabrera theory has been applied extensively the 
oxidation 


Film Growth 

Aluminum forms thin, compact film its sur- 
face upon exposure oxygen. Its formation 
evaporated aluminum films room temperatures 
shown Figure Oxidation rapidly for 
about one hour and then decreases very low 
value and, although there are large variations the 
determinations, the final oxide film thickness less 
than fact, the two curves for growth 
oxide films indicate that the thickness may ap- 
proach the dimensions unimolecular layer 
alumina. The curves Figure show that the rate 
film growth remains small temperatures 
200 and the limiting film thickness few hun- 
dred angstroms. Above 400 Figure the initial 
rapid rate oxidation followed approxi- 
mately constant rate for period which dependent 
upon the temperature. This latter rate, even the 
elevated temperature 600 then slows low 
value film thickness approximately 2000 

The virtual cessation further oxidation higher 
temperatures when limiting film thickness has been 
reached probably due change film structure. 
The aluminum oxide film amorphous temperatures 
below 400 above this temperature, gamma- 
alumina with spinel crystalline structure predom- 
ionic diffusion through such structures 
known slow, the formation gamma-alumina 
would expected decrease the rate oxidation. 

Evidence support film crystallization decreas- 
ing the rate oxidation presented the curves 
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Figure These show oxidation rates 500 for 
metallographically polished aluminum after vacuum 
annealing various temperatures and for varying 
times. evident that raising the annealing tem- 
peratures increasing greatly the duration heat- 
ing given temperature decreases the subsequent 
rate oxidation—presumably result film 
crystallization during 


Oxidation Mechanism 


Aluminum assumed form compact metal- 
excess oxide film. Values have been determined ex- 
perimentally for the height and width the ion and 
electron diffusion barriers and the energy and en- 
tropy activation. Some the values have been 
calculated from gaseous oxidation rate data while 
others have been obtained from anodic oxidation 
studies ammonium borate The lat- 
ter possible since this electrolyte compact 
anodic film formed, the rate depending the dif- 
fusion metal ions and electrons and the same laws 
governing film growth apply for gaseous oxida- 
tion. Values for these energetic factors, taken from 
the literature and from work Aluminium Labo- 
ratories Limited, Kingston, are recorded Table 

Since the energy barrier against metal ion diffu- 
sion higher than the barrier against electron dif- 
fusion, (1.6-1.8 0.6 e.v.) follows that the rate 
controlling factor the diffusion rate metal ions 
through the film. This being so, the energy value for 
the metal ion diffusion barrier can used predict 
the effect temperature oxide film growth, Mott 
and Cabrera assumed inverse logarithmic rate 
law for the oxidation aluminum low tempera- 
tures. The curves Figure show that this rea- 
sonable. Thus equation (11 applies 


x 


the thickness approaches about the rate 
oxidation virtually ceases. this rate formation 
taken one atomic layer oxide per day 
(about cm./sec.) this thickness, as- 
equation (11 reduces to: 


where the limiting film thickness. This relates 
the limiting film thickness the temperature. 
Equation (16 indicates that the thermal energy, 
kT, approaches the value the ion diffusion 
barrier, does not approach finite limit, 
1.8 e.v. the temperature which this occurs about 
Confirmation this obtained from anodic 
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Figure 8—Oxide formation metallographically polished 
dry oxygen temperature range 400-600 
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Figure 9—Oxide formation metallographically 

specimens dry oxygen 500 Curve annealed 

minutes 500 curve 2—Vacuum annealed minutes 500 

curve 3—Vacuum annealed minutes 600 curve 
annealed and hours 600 


TABLE 2——Energy Terms Governing Oxidation Rate Aluminum 


Ton 
Diffusion 


| 
| 
| 
| 


Diffusion Potential |-—— 
Barrier Barrier E-Kcal/mole 


Electron 


Entropy of Activation 


A S-cal 


Oxidation 
Method | Reference 
(24) 


(25) 
| Metallographically Polished Samples Annealed 
at 500C 
Metallographically Polished Samples Annealed 
at 600 C 
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Figure plots oxidation data 450 and 500 for 
metallographically polished aluminum. 


film studies which also predict non-limit- 
ing rate formation above 300 

The and Cabrera theory predicts that the 
growth the compact film should continue accord- 
ing parabolic law oxidation elevated tem- 
peratures. the data are plotted parabolic scale, 
function time, two linear sections 
the curve may obtained because the rate con- 
stants may vary for thin and thick films. check 
the validity this oxidation rate data obtained 
450 and 500 have been plotted parabolic 
scale Figure 10. The curves show two linear 
regions with that for the thicker film having the 
higher rate constant, According the Mott and 
Cabrera theory this because the energy activa- 
tion for thick films less than for thin films. The 
energy activation can calculated from the tem- 
perature coefficient the rate constants. This was 
done for the curves 450 and 500 and for other 
curves the temperature range 400-600 and the 
activation energies shown Table were calculated. 

The height the potential barrier against ion dif- 
corresponds the energy activation 
for parabolic oxidation the thin film region (equa- 
tion The height this barrier 1.6-1.8 e.v., 
determined from anodic oxidation data, equal 
activation energy 36.7-42.5 This 
agrees well with the value 37.9-41.0 cal- 
culated from gaseous oxidation data the thin film 
region and lends weight the model the oxide 
metallic ions over the potential barrier the metal/ 
oxide interface, 

The higher values 41.0-50.7 for the 
energy the film thickens not sub- 


stantiate the suggestion that this term should less 
for thick films (equation (13 and (14). Also, the en- 
tropy activation values calculated from equation 
increase the film thickens. suggested that 
these two findings may explained modifying 
the oxide film model somewhat. 

The aluminum oxide film amorphous tem- 
peratures below 400 and tends crystallize above 
this temperature. the amorphous film consists 
molecular groups,** crystallization will probably 
produce gamma-alumina the predominating crys- 
talline phase. Metal ions may diffuse two paths 
the amorphous film—either through interstitial 
positions the molecular groups along the group 
boundaries. crystallization proceeds the number 
boundaries decreased and hence the ionic dif- 
fusion along these paths reduced. This has the 
effect increasing the potential barrier against ion 
diffusion the potential energy barrier against ion 
diffusion less for these paths than through inter- 
stitial lattice positions the crystalline oxide. Large 
negative values the reaction entropy activation 
have been explained assuming the presence 
short-circuiting diffusion paths the oxide If, 
suggested, crystallization reduces the boundary 
paths this may account for the increase noted for the 
entropy term. Although this type analysis open 
question, support for these views the effect 
crystallization found reduction oxidation 
rates aluminum vacuum annealed for relatively 
longer times and higher temperatures (Figure 9). 


Oxidation Alloys 

General 

The ratio metallic elements the surface oxide 
alloy usually different from that the bulk 
alloy consequently oxidation rates and surface prop- 
erties are dependent the composition 
ture the surface oxide rather than the underly- 
ing metal. The surface oxide layer may consist 
heterogeneous mixtures, solid solutions intra- 
molecular oxides, Study such surface layers has 
led principles for the prevention oxidation and 
corrosion which serve valuable guides for selec- 
tion alloying metals. the following, aluminum 
alloys and metals with aluminum alloying con- 
stituent are used for illustrative examples. 


Heterogeneous Mixtures Oxides 

The oxidation rate metal frequently can 
decreased the addition alloying element 
which reacts preferentially with oxygen form 
oxide layer through which the diffusion rate the 
reactants less than the oxide the pure metal. 
Suitable alloying metals form oxides possessing 
low electrical conductivity and volume ratio 
oxide metal greater than unity. This due the 
fact that the electrical conductivity metal oxides 
determined the concentrations ions defect 
positions and electrons, which are, turn, instru- 
mental determining the growth character for com- 
pact oxide layers. 

Two distinct types surface oxide scales may 
result from this type oxidation. The first type con- 
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sists layer oxide the alloying element 
the metal surface and requires that the oxidation 
carried out high temperatures specific oxi- 
dizing environment. The use environment 
which the partial pressure oxygen less than the 
dissociation pressure the oxide the pure metal 
has been used for this purpose and termed “selec- 
tive For example, protective alumi- 
num oxide layer has been formed copper and sil- 
ver containing aluminum heating these alloys 
hydrogen atmosphere containing water 


The second and more general type oxide scale 
consists outermost oxide layer the pure 
metal and inner layer oxide particles the 
alloying constituent, dispersed the metal. This 
type scale formation designated internal oxida- 
tion and has been the topic series 
Iron, copper and nickel alloyed with aluminum tend 
form internal subscale alumina. 


Heterogeneous oxide films are not always more 
protective against oxidation, case point the 
aluminum-magnesium alloy system for which oxida- 
tion proceeds appreciable rate for longer times 
than for This illustrated the 
curves Figure which show first, the oxidation 
550 super purity aluminum and second, that 
its alloy containing 2.87 percent magnesium. This 
second curve exhibits initial curvilinear portion 
followed linear remainder and similar 
dation rate curves obtained for magnesium and mag- 
nesium alloys containing aluminum.** The linear oxi 
dation rate magnesium and magnesium rich alloys 
oxide layer which allows oxygen molecules pene- 
trate the metal surface. With magnesium oxide 
the oxide/metal molar volume ratio less than unity 
and this tends make the layer non-protective. 
possible that the behavior the aluminum-3% 
magnesium alloy due the formation porous 
compact film next the metal. Support for this view 
obtained from diffraction 

trace beryllium added aluminum-magnesium 
alloys effects marked reduction their oxidation 
Beryllium oxide has very low electrical 
conductivity and oxide-to-metal ratio greater than 
unity. believed that oxidizes preferentially 
and forms compact protective film either pure 
oxide intramolecular oxide. Also, the oxidation 
these alloys during heat-treatment may re- 
duced small quantities hydrofluoric acid 
volatilizing sodium fluoborate into the furnace at- 


Oxide Solid Solutions 

The oxidation rate metal may also, certain 
cases, decreased the addition alloying 
element its oxide soluble the oxide the 
For metal covered with “metal-excess” 
oxide, alloying element effective its oxide dis- 
solves the metal oxide give higher valency ions 
than the solvent metal. For example, the addition 
aluminum (+3) decreases the oxidation rate 
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Figure 11—Oxide formation metallographically polished aluminum 
and aluminum-2.87 percent magnesium 550 


TABLE 


Parabolic Rate Constants for 
Oxidation Zinc-Aluminum Alloys” 


Rate Constant of Oxid:tion 
K gm? cm~ hr-! 


Calculated 


0.8 x 10-9 
1.0 x 10-1! 
<1.0 x 1011 


(+2). the other hand, the rate oxidation 
metal covered with oxide can 
decreased addition alloying metal which 
forms lower valency cations than the solvent metal. 

For example, the addition lithium (+1) de- 
creases the oxidation rate nickel (+3). 

The alterations oxidation rates solid solution 
formation oxides are interpreted the basis 
the model compact oxide layer with lattice de- 
fects. zinc-aluminum alloy oxidized 400 
layer oxide containing aluminum oxide 
solid solution formed. The aluminum ions take 
lattice positions the film shown Figure 
and decrease the concentration interstitial zinc 
ions according the following equation, 


2zn* (1) 2 Al**tzaqy + 4 Zn ) (17 


This decrease the concentration interstitia! zinc 
ions causes corresponding decrease the oxida- 
tion rate. Oxidation these alloys follows 
bolic law 400 the rate constant for can 
calculated from electrical conductivity 
dynamic data with the assumption the above 
lation. shown Table the calculated values 
are excellent agreement with those determined ex- 
perimentally and this lends weight use the 
tulated film model. 
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Figure solid solution formation zinc-aluminum alloy.” 


oxides oxidation rates alloys importance, 
but vet little precise experimental information 


Oxides 

The oxidation resistance metal may im- 
proved the formation double oxide the dif- 
fusion rates ions through these structures are de- 
creased. Double oxides generally possess 
crystalline structure through which diffusion rates 
ions are low. However, the double oxide may not 
present pure form and resistance oxidation 
determined the combined effect several phases. 

Investigations have been carried out the forma- 
tion double oxides with alumina determine rel- 
ative cation diffusion The reaction rates 
with oxides zinc, nickel and cobalt are too slow— 
even temperature 1200 C—which indicates that 
alumina spinels should yield high degree pro- 
tection metal against oxidation, This has been 
verified practice formation aluminates 


Dry Oxidation and Wet Corrosion 

The role the oxide film aqueous corrosion 
has been neglected until fairly recent years favor 
studies the electrochemical reactions taking 
place. 1951, introduced concepts the 
role oxide films electrochemical corrosion mech- 
anisms which subsequently have been placed 
qualitative The initiation corrosion 
aqueous environment may controlled the 
ease with which cations and electrons pass 
through the air-formed oxide film with which the 
metal entered the solution. Although cations and 
may migrate lattice defects, this does 
not imply that the rate corrosion will follow rate 
laws governing oxide film Rather, the dif- 
mechanism oxidation operates low tem- 
only during the initiation corrosion 
local areas, These areas attack occur where the 
thin where there large concentration 
lattice defects due metal impurities alloying 
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Figure film model describe initiation aqueous 


Film and electrochemical theories lead the same 
explanation the corrosion mechanism, 
trated Figure 13, cations diffuse via lattice defects 
weak areas the film and electrons diffuse either 
through the weak areas through the surrounding 
oxide film. Figure 13a shows that the first instance 
cations and electrons react with adsorbed oxygen 
the weak areas and the film tends heal itself 
the formation additional oxide. the second in- 
stance, some cations enter into solution, Figure 13b, 
the supply oxygen insufficient react with 
all emergent cations. Concurrently, electrons diffuse 
through the oxide film around the weak area form 
oxygen ions with adsorbed oxygen which then pass 
into solution hydroxyl ions. Thus, oxide film 
model applicable the description electrochem- 
ical corrosion the diffusion metallic ions the 
weak areas represents the anodic reaction and the 
diffusion electrons through the oxide film repre- 
sents the cathodic 

This model may prove useful for the selection 
alloying constituents for the prevention corrosion 
metals. Detailed calculations, based defect 
structure the oxide film, have been attempted 
determine the role the surface film the corro- 
tions and the passivitity iron nitric 
Also, qualitative concepts the theory oxide film 
formation have been applied explain the corrosion 
characteristics aluminum aqueous 

The amorphous oxide film aluminum transmits 
electrons with difficulty, but more readily than 
transmits ions because the relatively high poten- 
tial barriers against electron and ion diffusion (Table 
3). This confines the anodic reaction areas where 
oxide largely absent and the cathodic reaction 
areas where the film thin. the oxide film made 
better electronic conductor, the high resistance 
aluminum corrosion will decreased and the so- 
lution potential will more positive due in- 
crease the cathodic area and decrease the 
slope the cathodic polarization curve. This occurs 
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impurities copper iron are present the 
metal; these metal-deficit oxides, which possess 
higher electrical conductivities than alumina, are 
heterogeneously dispersed the oxide film. Conse- 
quently, unalloyed aluminum will anodic towards 
aluminum alloys containing copper, which may ac- 
count for the protection these alloys cases 
where they are clad with high purity aluminum, 


Summary 


Different models oxide films have been de- 
scribed which are used interpret the oxidation 
characteristics metals and alloys. For pure metals, 
the theory advanced explain the formation com- 
pact films with lattice defects fairly well devel- 
oped. The oxidation aluminum was chosen 
example illustrate the applicability and limitations 
this theory. For alloys, the present state the 
theory unable, because their complex behavior, 
give quantitative interpretation the phenomena. 
However, broad principles have been formulated for 
the selection alloying elements prevent deterio- 
ration metals oxidation. illustrate these 
principles, the effect aluminum alloying ele- 
ment has been discussed. Attention also has been 
given the role the oxide film aqueous corro- 
sion. This review shows that extensive research 
required elucidate further the behavior oxide 
films oxidation and corrosion. 
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The Porosity the Aluminum Surface 
Investigated the Repetitive 
Oscillographic 


Introduction 

publications two the authors 

investigated the anodic passivity aluminum 
sulfuric sodium sulfate and sodium hydroxide 
was inferred that because the great 
the metal towards oxidation, more less 
passive layer persists its surface. The po- 
the surface area. Many trials were made 
obtain active surface but only the cathodic pre- 
was effective small extent. 


the present study the oscillographic method fre- 
quently for investigating the anodic behavior 
metals? was utilized. The method involves 
the use the repetitive current obtained allow- 
ing direct current stabilized pentode valve 
pass through thyration valve conjunction with 
While the condenser being charged the 
current passes through the electrolytic cell until the 
voltage reaches the trip voltage the 
thyration valve. The arrangement thereby short- 
circuited and the condenser discharges. Simul- 
taneously quantity electricity equal that 
originally passed flows through the cell the op- 
posite direction. The process charge and discharge 
condenser eventually will repeat itself very rapidly 
and consequently the electrochemical changes taking 
place the electrode surface are rendered repetitive. 
has been found that this treatment effects the 
activation the electrode surface great extent 
and hence leads longer times passivation which 
could measured accurately during the taking 
the respective polarization curves, This affords 
means for studying the anodic passivity aluminum 
variety electrolytes where the direct anodic 
cathodic treatment gives measurable longer passi- 
vation 

The porosity the aluminum surface each 
electrolyte can calculated measuring the times 
passivation different current densities, From 


the respective porosity values the phenomena under- 


lying the corrosion and the passivation aluminum 
different media can visualized since the porosity 
layer the most important item governing these 
tWo properties. 


Experimental Methods 
Passivity experiments were carried out 
electrolytes including buffer solutions 
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Abstract 


Experiments are reported using repetitive oscillo- 
graphic method investigate the anodic behavior 
spectroscopically pure aluminum exposed variety 
and sulfuric acid and sodium sulfate, nitric acid 
and sodium nitrate, hydrochloric acid and sodium 
chloride, acetic acid, oxalic acid and disodium hydro- 
gen phosfate. 

The method permits determination the part 
the surface area covered the passivating layer 
formed through anodic polarization, Results tests 
various electrolytes are reported. 

postulate the repetitive oscillographic 
method combination with the direct polarization 
method provides means testing among reactions 
occurring metal anode. 


Figure oscillographic circuit used experiment. 


TABLE for Figure 


A—Milliameter 
C—Variable Condenser 
CE—Saturated Calomel Electrode 
Amplifier 
E.—Dry Battery 
T—Cathode Ray Tube 
Pentode Valve 
Valve 
120, 50,000 and 100,000 ohms 
V—Voltmeter 
for Prepolarization 
the Electrodes 
for Drawing the Ref- 
erences Lines 


and sulfuric acid and sodium sulfate, nitric 
acid and sodium nitrate, hydrochloric acid and 
sodium chloride, acetic acid, oxalic acid and disodium 
hydrogen phosfate. Spectroscopically pure 
vided Johnson and Matthey (London) were used 
anode and platinum wire cathode. The oscil- 
lographic circuit used essentially the same that 
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Figure 2—Oscillogram obtained with 


aluminum electrode normal sodium acid 


phosfate. 


2N NazHPOs. | 0.00 1.0 | 1.8 
0.0053 101 | 1.8 
0.5N Na2HPOs,.... 0.3162 0.48 | 0.3 
0.169 1.48 4.6 
0.730 5.4 | 100.0 
Potassium acid-phthalz ite-NaOH buffer 

0.730 | 5.4 100.0 
Potassium acid- phthz ilate-NaOH buffer | 

Pot assium ac id- phosf ite-NaOH buffer | 

B=5.4 n=0.42 


previously applied with some modifica- 
tions. involves the use thyration valve (Gen- 
eral and Cables v/420 BF), valve 
amplifier (General Electric 43-C2) combination 
with Cossor cathode ray tube (Model No. 1035) 
and triode MH4 and the gas focussed tube (4050 
BB) used that author (Figure and Table 1). 


Results and Discussion 


The oscillograms obtained with the aluminum 
electrode the different investigated media have the 
same general shape. From the representative curve 
taken normal sodium acid phosfate (Figure 2), 
can seen that aluminum rendered passive the 
time the double layer built up, criterion the 
existence more less natural passive oxide film. 
The time passivation (tp) therefore measured 
different current densities (i,) the time lapse 
from the moment switching the current 
the attainment passivity indicated the sud- 
den potential jump taking place prior oxygen evo- 
lution. Taking and representing the total and 
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Figure 3—Graph log current densities 
plotted against log time passivation (tp). 


the covered surface area, respe. 
tively, the porosity the surface 
the formula 


is 


which and are constants 
denotes the available par 
the surface which the 
vating layer anodically formed, 
This may may not equal 
the porosity the initially 
oxide layer depending the 
tent attack exerted the 
tive electrolyte during the anodic 
treatment under the ex- 
perimental conditions. 

straight line always 
Its slope gives the and 
the intersection with log axis yields the 
time passivation representative curve 
shown Figure 3). always smaller than but 
becomes equal when the surface initially com- 
pletely free. the present investigation the 
amounts 5.4 seconds taken the maximum 
value obtained the different electrolytes. 


n 


corresponds the total area likely covered with 
the passive film irrespective the initially 
layer which under such conditions either must 
destroyed take some part the process film 
formation. 

Table contains the results obtained 
vestigated electrolytes. From these data the 
ing things can seen: 


present 


Reactions Involved. 

The maximum value amounting 5.4 sec 
attained 0.01 sodium nitrate, 0.1 
oxalic acid, acetic acid and potassium 
the specific time passivation corresponding 
100 percent. The anodic behavior such 
electrolytes may explained assuming that the 
natural oxide film attacked the anions during 
the anodic polarization yielding the respective easily 
soluble aluminum salts. These are readily 
lyzed yielding the hydroxide which covers the whole 
surface, rendering passive. Hydrolysis revealed 
the appearance gelatinous precipitate the 
electrode surface attaining sometimes appreciable 
thickness. 

Two types reactions supposedly occur the 
electrode surface: electrochemical reaction 
chemical one which results the 
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surface. This may visualized assuming that 
the electrode media containing chloride, 
nitrate, oxalate acetate anions, the natural oxide 
layer virtually attacked through preferential 
adsorption and/or penetration the respective 
anions which are present greater prepondrance 
the vicinity the anode surface. Metal ions released 
anodic dissolution through the pores the oxide 
layer well those produced anionic attack 
interact with the hydroxyl ions migrating towards 
the electrode This leads the precipitation 
the slightly soluble aluminum hydroxide. 

should recognized that the electrochemical 
oxidation aluminum through the interaction the 
bare metal parts with the discharged hydroxyl ions 
competing simultaneously with the above described 
chemica! reaction. The application the repetitive 
method, being means for activating the electrode 
surface, the suppresion the electrochemical 
process such extent that the chemical 
process predominates. Under such conditions pas- 
sivity brought about through chemically-pro- 
duced hydroxide layer covering, the extreme case, 
the whole electrode surface. could happen that 
passivity would brought about through the for- 
mation secondary layer (hydroxide) covering, 
the ultimate case, the whole surface the primary 
(natural) and not necessarily that the latter 
totally destroyed order that the surface be- 
come relatively 100 percent porous. Accordingly 
0.01 nitric acid (which has dissolving action 
aluminum hydroxide) the anionic attack the sur- 
face oxide and the hydrolysis the formed salt are 
relatively hampered such that the passivat- 
ing layer covers only percent the surface 
the primary layer. 


Hydroxide and Phosfate Ions 

The maximum value attained the phos- 
fate media amounts percent the surface 
7.9, value which very much greater than 
those obtained sodium phosfate solutions 
(from 0.3-3 percent). The high porosity ob- 
tained 7.9 may attributed the attack 
great part the initially present oxide layer through 
hydroxide ions. Since aluminum oxide stable 
solutions within the range 5-7, the anodic pas- 
sivating layers can form only such media within 
the available pores the metal surface. ap- 
parent that disodium hydrogen 
tions concentrations lower than the phosfate 
layer formed which covers only very small frac- 
tion (0.3 percent) the surface compared with 
about percent area covered higher concentra- 
tions, the same time 99.7 percent and percent 
the total surface are covered 
chemically formed aluminum salt (e.g. 
the anodically farmed layer more like 
hydroxide than phosfate owing the small con- 
centration the phosfate ion (0.05 M). 


Effect Chloride Ion. 
The behavior aluminum anodes chloride media 
the great activating effect the chloride ion, 


POROSITY ALUMINUM SURFACE 


passivity being achieved only concentrations smaller 
than 0.01 higher concentrations the potential re- 
mains pronounced negative value and the underlying 
anodic process merely the dissolution the metal. 
can seen from Table the chloride ion still manifests 
its activating effect solutions dilute 0.0025 
the porosity amounts percent 0.01 NaCl 


The role this ion further substantiated the 
fact that the activating effect almost 
equivalent that 0.0025 HCl. This indicates 
that the determining factor this respect not 
merely the hydrogen ion concentration but the spe- 
cific effect the individual anion well the rate 
hydrolysis the surface. This view supported 
the fact that weak acids (acetic and oxalic) 
even neutral solutions (sodium nitrate) yielded 
greater apparent free surface area than strong acids 
appreciable hydrogen ion activities. 


From the above results also can concluded 
that electrolytes yielding porosities less than about 
percent are suitable for anodizing aluminum ir- 
respective the activating effect furnished the 
repetitive nature the process. thought that 
the electrochemical oxidation overbalances the dis- 
solution effect the electrolyte. Alternatively elec- 
trolytes which are characterized 100 percent free 
surface area apparently are unsuitable for anodizing 
properties. Through local action may happen 
these solutions that the natural oxide layer easily 
destroyed, under which conditions the electro- 
chemical process rendered incapable restoring 
the passivating oxide film. may noted also that 
the destructive effect manifested the chloride ions 
demonstrates their corrosive action and suggests the 
necessity their absence from the anodizing bath. 


comparing the results obtained this investi- 
gation with those obtained the direct 
obvious that the repetitive nature effects much more 
pronounced activity. Whereas the maximum porosity 
achieved the direct pretreatment amounts 
10° the apparent surface area, 100 
percent activation approached applying the 
repetitive method even lower current densities. 
The effect superimposed and currents 
bringing about activation and thus the dissolution 
gold anodes the well known Wohlwill-process may 
recalled this respect. 

The results obtained this investigation show that 
information obtained the application the 
lographic method together with that obtained the 
direct anodic treatment makes possible dis- 
tinguish the different types reactions which may 
take place the metal anode. doing this further 
insight into the anodic behavior different metals 
under variety conditions becomes 


Summary 
The repetitive method was applied for studying 
the anodic passivity aluminum variety 
electrolytes including buffer solutions 6-8, 
sulfuric acid and sodium sulfate, nitric acid and 
acid and sodium chlo- 
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ride, acetic acid, oxalic acid and disodium hydrogen 
phosfate. Experiments were carried out different 
current densities and the respective times passiva- 
tion were measured during the taking the 
curves. 

The porosity the aluminum surface was cal- 
culated the above electrolytes. The results obtained 
showed that two types reactions occur: Electro- 
chemical and chemical. The former leads the oxi- 
dation the metal and the latter involves anionic 
attack with the formation the respective salts. 
Hydrolysis may take place under certain conditions 
resulting increase the initial porosity the 
surface. The maximum porosity corresponding the 
free state the surface was achieved sodium 
nitrate, oxalic acid, acetic acid and buffer 

The anodic behavior chloride media revealed 
the great activating effect the chloride ion con- 


centrations higher than 0.01 
solutions, however, the natural oxide persisted 
the passivating layer was formed mainly the 
able pores the surface. 

The repetitive oscillographic method combj. 
nation with the direct polarization method provided 
means for distinguishing the different types 
reactions occurring metal anode. 
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Corrosion Materials Subjected 
Locomotive Smoke and Funnel Blast« 


Introduction 


tice, maintenance sheds New Zea- 
land are built over sections railway line house 
parallel rows locomotives, typical shed, for ex- 
ample, three rows locomotives and meas- 

housing coal-burning oil-burning loco- 
motives rapid smoke extraction essential for the 
and efficiency maintenance crews. Expe- 
rience demonstrated the inadequacy simple 
roof Present practice use long, inverted 
U-ducts (about feet section) suspended over 
the locomotive funnels remove smoke 
vertica! stacks built intervals along the ducts and 
through the roof. Smoke extraction via 
the and stacks usually depends natural con- 
vection may assisted 


Desirable Properties 
Experience has shown the following properties 
are essential for materials used construction 
smoke ducts: 

materials must resistant deterioration 
the highly corrosive atmosphere contaminated 
with steam, smoke, sulfurous fumes, fly-ash and 
soot. has been found that common structural 
materials such mild steel and galvanized steel 
show rapid corrosion when exposed. 

fairly high strength/weight ratio desirable 
minimize the weight and cost structures sup- 
porting the ducts. For this reason relatively thin 
sheet metal advantageous for duct construction. 
Materials and structures must capable with- 
standing direct funnel blast from locomotives 
distances four feet less. Brittle materials 
therefore must avoided. was found, for ex- 
ample, that asbestos-cement panels 
smoke-duct service failed withstand funnel 
blast. 

materials are essential. Timber 
structures are avoided for obvious reasons al- 
though small quantities hardwood other 
combustible materials are employed occasionally. 
Materials must give maintenance-free service 
life least years. Owing gross contami- 
nation with tarry soot deposits and labor condi- 
tions, structures are not given regular periodic 
maimtenance. 

The material must such that costs can kept 
minimum when balanced against effective 
service life. 


None the structural materials used date (mild 
steel, galvanized steel, asbestos cement sheet) have 
been considered satisfactory smoke-duct service. 

Tests were conducted assess the relative cor- 
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Abstract 


description given tests various construc- 
tional materials and protective coatings exposed 
smoke, steam and direct funnel blast from coal- 
burning and oil-burning locomotives. Results indicate 
that molybdenum-bearing austenitic 
and vitreous-enamelled steel are highly resistant 
deterioration this severely corrosive environment. 


rosion resistances number materials and pro- 
tective systems (see Tables 1-5). Several materials 
used previously and found unsuitable were included 
the tests for comparison purposes. 

Apart from the immediate purpose improving 
smoke-duct design, the tests give useful indication 
the behavior materials and protective coatings 
other sheltered environments exposed loco- 
motive smoke and Examples this include 
tunnels and the undersides overhead bridges. 
must stressed however, that the tests not indicate 
the relative behavior materials smoke-polluted 
atmospheres which are simultaneously exposed 
the weather and the washing action rain. For 
example, they not apply external surfaces 
locomotive-shed roofs. 


Materials Tested 

Non-metallic materials and protective systems 
used the tests are listed below Tables 3-5 with 
brief appendices their compositions. will 
noted that many thick-film, plastic-type surface coat- 
ings potentially high protective value were not 
included, such omissions being made because fire 
hazards, high costs and limited availability New 
Zealand. 

All materials were tested the form and surface 
condition most likely apply actual smoke-duct 
constructions (for example flat corrugated sheet). 

Compositions the unprotected alloys tested are 
given Table All these alloys were exposed 
the form bright-surfaced sheet, cold-rolled (except 
the case “Alclad” and galvanized steel) and 
with the stainless steels polished 
Sheets varied thickness from .030 .068-inch. 


Test Procedure 

Rectangular panels materials tested were 
mounted hardwood frame. The frame was then 
suspended, with the panel surfaces horizontal, inside 
the existing smoke duct shed used continuously 
coal-burning and oil-burning locomotives. This 
form panel mounting was adopted closely simu- 
late service exposure subjecting panel surfaces 
the full funnel-blast locomotives and indi- 
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Nearest 
Equivalent 


September 


Percent Composition Min.= Minimum) 


AISI C1006 0.02 


ALLOY 
Mild Steel 


0.04 0.04 


TABLE 1—Analyses Alloys Tested 


Remarks 


chroma 


18/8 Cr Ni 
Stainless Steel 


AISI 301 0.4 = R 


| 
0.15 


Non-stabilized 
One chromat 


Stainless Steel 


AISI 316 


0.3 


finishing c 
Three coats 


Non-stabilized 


Copper SAE 


Type A 


Commercial tough 
copper 


paint 


Aluminum Alcoa 28-H 


| Three coats 
alkyd heat 


Aluminum 
Manganese Alloy 


Alcoa 


One chroma 


578 


Aluminum- 
Magnesium Alloy 


finishing 


| Alcoa Alclad 


248-T4 


Clad Aluminum 
Alloy! (core com- 
position) 


Specification analysis to 
DTD 390. ( ladding con. 
position Al-19.5 percent 
Min 


One chroma‘ 
finishing c 


Three coats 


Galvanized 


| 


Commercial 


galvanized sheet 


Three coats 


1 In the soluticn-treated and room-temperature aged condition. 


TABLE 2—Test Results for Unprotected Alloys 


Sheet of total thickness .031-inch, cladding layers each 5 percent of total thickness. 


Three coats 


1 Alumi: 


Average 

Corrosion Rate | 
(Mils per Year) 


| Exposure 
Time 
(Years) 


| Laminar rust 


Nature of Corrosion | 
Product | 


2To Ak 
3 Zinc-c! 
4A cher 
5 Five 1 
6 A pror 
7 Alcoa 


Type of Attack 


General* 


18/8 Cr Ni Stainless Steel... Adherent rust 


| Very numerous, shallow pits 


A few rust spots 


Copper..... 


Adhe rent oxide film 


Even, general then 


Aluminum 


| "Non: adherent oxide scale | 


Severe pitting and moderate general attack : scrubbin 


Aluminum-Manganese Alloy 


| Non- adhere: nt oxide scale | 


Seg ere pitting and moderate general attack 


deteriora 


Aluminum-Magnesium Alloy... . 


Clad Aluminum Alloy 


| Non- adherent oxide scale | 


All 
nailing 
washers 


Severe pitting with numerous very deep local pits and moder 
| attack 


ite general 


general attack 


Adherent rust 


Severe. 


Zinc coating stripped. Shallow pitting of the underlying steel : frame Pp 


* The term ‘general’ is used to ladicnte 


cate differences between corrosion rates upper 
and lower surfaces. Corrosion 
proved slightly but not significantly less severe 
than under surfaces the panels. 

Exposure periods varied from 0.7 years but 
were all cases long enough give results indica- 
tive long-term behavior. 

Panels unprotected alloys were used various 
sizes, each with total surface area not less than 
one dm, (15 square inches). Test methods and 
determinations average corrosion rates followed 
the ASTM recommended with cleaning 

were exposed 
panels, each with total surface area not less than 
four sq. dm. Weighing the cleaned 
and after test permitted assessment any gain 
loss weight during exposure. Panels also were 
subjected visual examination for surface deterio- 
ration, softening and 

Test procedure for protective coating systems fol- 
lowed similar pattern. The coatings were applied 
clean steel aluminum panels each with total 


380t 


sq. 


also 


atte over othe: entire test surface area. 


mounted 
For exan 
TABLE 3—Test Results for Protective Coatings 


Exposure | 
Time 
(Years) Effect of Exposure on Coating 
1.0 | Bituminous coating sagged away from underside 
of steel. 


Protective 
Coating! 


Test 
relevant 
rates are 


method 


Proprietary 
bituminous 
coating? 

Vv ulc anized | No visible deterioration. 
rubber’ 


P roprietary zinc-| 
dust baked 
coating* 


Vitreous enamel 


Cc oating after 0.5 5 years expo 
rusting on underlying steel. 


ure; severe 


} “Face carrying ground coat only 
penetration at numerous points, al 
rusting of steel. No lateral rusti 
enamel. Face carrying ground coat | 
ing coat showed no penetration an! 
deterioration. Gloss still remained 
coat. 

Vitreous “enamels| 1.0 OF No significant weight loss and 1 no vi 

(high-titania oration of enamel. Gloss still re 
variety) finishing coat. 


Result 
simila 
cove 
prot 
Auster 


ble deter 
nained 0 


1 oatings all to steel. 

2 Bitumen-impregnated fabric on corrugated black steel sheet. 

3 Rubber coatings (0.05-inch thickness) vulcanized on to the sur 
steel sheet. 

4 Baked coating of the zinc dust-sodium silicate type on mild-ste: | 

5 Vitreous enamel of the type commonly used on kitchen wa: 
coat only on one side, ground coat and white finishing coat on the « 

6 A high-titania vitreous enamel specially formulated for heat 


Ground coat and finishing coat on each side of panel. I rates of 


q 
q 


| 
| 
| 
| | | | 
i i Po sand 1.0 | 2 Non-adherent oxide scale | Cladding stripped. Uneven, deep pitting in core alloy plus moderae J 
| 
wed loca! 
wing local 
beneath 
ylus finish- 
no visible 
finishing 
their use 
plate. 
con ate to 


ication 


were 


the hardwood frame. 


details Tables 1-5 


method assessment. 


cover greater range non-metallic materials 
protective coatings. 


TABLE Results for Paint Coatings 


CORROSION MATERIALS SUBJECT LOCOMOTIVE SMOKE 


Exposure 
Time 
Paint System on Panel Panel Alloy (Years) Condition of Paint Film After Exposure 
chromate priming two aluminum Aluminum? Numerous small blisters under surface with few small blisters 
coats! upper surface; remainder film intact except for severe blistering and 
film rupture edges. 
One chromate priming coat? + two aluminum Aluminum? with M.B.V. 1 A few small blisters on under surface; film intact on upper surface with 
finishing coats! surface treatment* moderate film breakdown at edges of panel. 
Three coats aluminum- pigmented bituminous Aluminum? Film breakdown numerous points under surface with lateral corro- 
paint sion metal beneath the film. Similar, but less severe breakdown 
j film on upper surface of panel. 
Three coats aluminum-pigmented 1.2 Film flaked off percent under surface and flaked off 
alkyd heat-r esisting paint small patches from upper surface of panel. Corrosion occurring on the 
bared metal. 
me (ne chromate priming coat? -+ two aluminum Mild steel, pickled by LZ Film breakdown at four points on under surface, at one point on upper 
finishing cots? Footner duplex process® surface, and partial breakdown along panel edges. Rust nodules and 
pitting of underlying steel at points of breakdown. 
One chromat. priming coat’ + two aluminum Mild steel, ‘Bonderized’é 1.7 Film breakdown at 12 points on under surface, at two points on upper 
finishing coots! | surface and partial breakdown at panel edges. Rust nodules at points 
| of film rupture. 
7 Three coats aluminum-pigmented bituminous Mild steel, pickled by a EY J Film stripped from 50 percent . of under surface, leaving bare, severely- 
paint Footner duplex process® rusted steel. Similar but slightly less severe breakdown of film on upper 
surface of panel. 
Three coats asbestos-filled bituminous paint Mild steel, pickled 1.7 both panel surfaces hard, skin had formed over 
Footner duplex process an underlying plastic layer of the coating adhering to the steel. Complete 
rupture of the film at edges permitted rusting of steel to 4 inch in 
from the panel borders. 
} Three coats chlorinated-rubber paint Mild steel, pickled by By ¢ Severe blistering and flaking of w= with 3 accompanying rusting of steel 
Footner duplex process on both surfaces of panel. 


1 Maia, n-pigmented 100 percent phenolic-tung-linseed varnish. 


2 To Alcoa specification 3S 4H. 

3 Zince-clir omate-pigmented percent phenolic-tung-linseed varnish. 

4A chemical surface-treatment involving immersion in a hot, alkaline chromate bath. 

5 Five percent sulfuric acid at 80 C followed by 2 percent phosphoric acid (containing 0.5 percent of iron) at 80 C. 
6A proprietary hot-process phosphate surface-treatment. 

7 Alcoa specification 2S H. 


surface area not less than four sq. dm. The panels 


exposed the smoke duct, 
lightly water 
deterioration. 


cleaned 
and examined visually for 


All panels carried pre-drilled holes facilitate 


Damage during 


mounting was minimized the use thick rubber 


washers beneath nail heads and between panels anc 
Panels were spaced well apart avoid dis 
each panel being 


similar metal contact 


mounted with nails closely similar composition. 


For example, aluminum nails were used aluminun 


panels and copper nails copper 


Test Results 


1 


Test results are summarized together with other 


rates are given one significant figure which is, 
all cases, well within the accuracy limits 


Discussion 


1 
1 


the 


Results these tests correlate well with results 


and 


Austenitic stainless steels, especially the molyb 


denum-bearing variety, were highly resistant cor 
but their high cost serious drawback 
use for smoke-duct construction. 

other unprotected alloys exhibited moder- 
poor corrosion resistance. well known 
that most atmospheric environments the corrosion 
aluminum alloys decrease with increased 


All the 


1 


TABLE Test Results for Non-Metallic Materials 


| | 
| | 
MATERIAL (Years) Effect Exposure 
Asbestos- cement | | 3.0 | One test panel was lost as a result of locomotive 
sheet! funnel blast. A second panel showed a slight 
increase in thickness (3 percent) and a definite 
gain in weight (9 percent). There was no sur- 
| face softening or any other visible deterioration. 
| The inherent brittleness of the material resulted 
| in cracks at mounting- bolt holes during exposure. 
Resin- bonded | 1.7 | The test panel showed a slight (1 percent) gain 
fibre board? | in weight, however, no softening, crazing or 
| any other obvious deterioration occurred. The 
| | inherent brittleness of the material gave trouble 
| by cracking during panel-mounting. 


1 Gibre bonded with cement, in sheets 4 inch thick. 
2 A corrugated, Bakelite-resin-bonded fibre type of roofing sheet, 4% inch 
thick. 


exposure time, the corrosion being self-stifling due 
formation protective surface films. this case 
however, there was evidence any significant 
self-stifling Layers corrosion product re- 
peatedly formed and broke away from the alumi- 
num alloy surfaces during exposure. 


The perfectly even, general form corrosion 
copper desirable feature but high cost again 
disadvantage. 

The two non-metallic materials showed high re- 
sistance deterioration but both are inherently 
brittle. 

Some the paint systems Table especially 
the chromate primer/aluminum finishing system, 
gave good protection the underlying metal for the 
period test. The dry film thickness the chromate 
primer/aluminum finishing system averaged 2.0 mils 
and doubt its protective value could have been 
enhanced considerably increasing the thickness 
four five mils. obvious, however, that such 


| 

q 

| 
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systems cannot relied for complete protection 
metals over periods years more without 
periodic maintenance. Adequate maintenance 
paints tar and soot-coated smoke ducts com- 
pletely impractical. 

the other protective coating systems tested, 
only vitreous enamels and rubber coatings were re- 
sistant the environment. Because the fire haz- 
ard, rubber coatings are not too well suited for 
smoke duct service. 


Conclusions 

The tests showed that vitreous enamelled steel 
with the normal two-coat enamelling system has the best 
combination corrosion resistance, strength/weight 
ratio, freedom from brittleness, fire resistance and 
low cost. Vitreous enamelled steel with stainless steel 
bolts and vulcanized rubber washers therefore 
recommended for smoke-duct construction. 


The information derived from these tests con- 
sidered applicable equipment exposed similar 


sheltered environments, such tunnels, where 
vere contamination occurs from locomotive smok 


and steam blast. 
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Introduction 
ANIC COUPLE CORROSION has been 


studied extensively sea water and connec- 
tion with chemical process equipment. good gen- 
discussion some the fundamentals and 
specific tendencies various metals sea 
data quantitative nature have been 
the corrosion samples which have 
exp sed the atmosphere. The American So- 
esting couples the form discs bolted 
has reported the results from time 
time. 
Inthe reported this paper attempt was 
behavior couples the atmosphere 
their probable relative corrosion be- 
were made the galvanic 
corrosion currents and electrode potentials 
arrangement that somewhat simulated at- 
exposure and the weight losses cou- 
second objective this work was obtain 
information which would useful the design 
Many specifications and articles the 
literature’ warn him the dangers galvanic cou- 
ple corrosion but give little data direct use 
him. believed that the relative quantitative 
this work will provide much firmer 
foundation for design than has been available here- 
totore, 


Potentials and Corrosion Currents 


many discussions galvanic couple corrosion, 
motive series metals usually published text 
books. few instances tables have been presented 
the potentials obtained under arbitrary set 
conditions such media sea water percent 
sodium chloride solutions. These data are useful 
the source the driving power gal- 
couple corrosion but they tend create mis- 
conceptions oversimplified nature. Data have 
been available which emphasize the role the 
currents any relative and quantitative 
While the studies reported here are also 
nature believed that they form basis 
comparisons that somewhat more quantitative 
data available the past. 

Various schemes have been considered for making 
the galvanic couple corrosion cur- 
the potentials associated with couples 

4 Bk Submitted for publication September 23, 1954. A paper presented 


Annual Conference and Exhibition, National Asso- 
: 7 ation of Corrosion Engineers, Chicago, Ill., March 7-11, 1955. 


Atmospheric Galvanic Couple Corrosion* 


K.G. COMPTON, MENDIZZA and BRADLEY 


Abstract 


Tests designed provide fundamental information 
explaining the behavior galvanic couples the 
atmosphere are reported. The purpose permit 
prediction their probable relative behavior. Meas- 
urements weight losses couples marine, 
industrial and severe tropical atmosphere are 
reported. 

Tests involving thin sheet electrode material sepa- 
rated filter paper saturated with electrolyte are 
reported. Materials tested include aluminum, mag- 
nesium, stainless steel, copper, cadmium, zinc, nickel, 
tin, chromium, lead electroplate, silver, low carbon 
steel and others. Potential measurements and weight 
loss data are given. Specimens exposed the atmos- 
pheres show several apparent weight loss anomalies. 

Measurements corrosion currents described 
provide quick means for determining probable 
relative corrosion behavior couples. Differences 
between couples “exposed” and “sheltered” are 
noted. Quantitative data provided are intended 
useful the design engineer. 


COMPTON—Has worked with corrosion 
problems for more than years the Bell 
Telephone Laboratories, Murray Hill, 
During World War was consultant 
the deterioration materials the NDRC 
and the Chief Ordnance; has also been 
active corrosion committees several tech- 
nical societies. was the State College 
Washington that received his training 
electrical and chemical engineering and 
electrochemistry. 


MENDIZZA—Has been associated with the 
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with general corrosion problems and with the 
engineering metallic finishes for the tele- 
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training chemical engineering Cooper 
Union and did work for degree 
Columbia University. member NACE and 
the Electrochemical Society, has also been 
active ASTM and AES committee work. 


BRADLEY—Has been with Bell Tele- 
phone Laboratories since 1949, working primar- 
ily problems involving corrosion 
mitigation connection with atmospheric ex- 
posures. was with the Army Air Force 
Weather Service from 1943 1946 and re- 
ceived Chemical Engineering 1949 
from the University Colorado. member 
the Electrochemical Society. 


exposed the atmosphere. One early experiment 
consisted wrapping fine wire the threads 
bolt over separating layer condenser paper. 
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Figure 1—Details and assembly galvanic 
couples for current and potential measurements. 


Measurements were made the 
potentials when the specimen was 
exposed the industrial atmos- 
phere New York City, Other 
combinations electrodes were 
tried, both exposed natural en- 
vironment and artificial one. 
soon became evident that several 
conditions would have met useful data were 
obtained. The amount moisture present would 
relatively uniform and constant film the electrolyte 
bridging the couple junction. The moisture liquid 
containing the electrolytic ions should restrained 
that the products produced the anode and cathode 
and the concentration effects would localized. The 
temperature would have controlled and the 
access air the anodic and cathodic surfaces 
would have reproducible from one experiment 
another. 


Testing Devices 

After number exploratory experiments, the 
assembly shown Figure was Two elec- 
trodes thin sheet material with tabs one corner 
and having area one square inch were arranged 
with sheet filter paper between them shown. 
The backs the electrodes were shielded squares 
Lucite. This assembly was mounted the jar 
such way that the lower end the filter paper 
dipped into the liquid. The electrolyte reached the 
couple capillary wick action and was relatively 
constant quantity. reference electrode could 
placed the liquid for determining the single elec- 
trode potentials and also that the resultant couple 
when short circuited externally. 


TABLE Used Tests 


Designation COMPOSITION (Nominal) 


2S Aluminum (99.0+Al) 

FS-1 Magensium Alloy (83% Al; 1% Zn; 0.3 a Bal. Mg) 

430 Stainless Steel (16% Cr; 0.12 C; Bal. Fe 

Fe). Steel (18% Cr; 9% Ni; 1.25% .08-.20% C; 
a e) 

Monel (67% Ni; 30% Cu; 1.4% Fe; 1% Mn; 0.1% Si; 0.15% C) 

Brass (59- 64. 5% Cu; 1.3-2.3% Pb; Bal. Zn) 

Electrolytic Copper (99.9% Cu) 

Cadmium electroplate > 0.001-inch thick on steel 

Zinc electroplate > 0.001-inch thick on steel 

Nickel electroplate > 0.001-inch thick on brass 

Tin electroplate > 0,001-inch thick on steel 

Chromium electroplate > 0.002-inch thick on copper 

Lead electroplate > 0.001-inch on steel 

Silver (99.9+Ag) 

Low carbon steel 


COUPLE SELECTOR SWITCH 


ARE 
KEEP GALVONOMETER READ/NG ZERO 


Figure resistance circuit for measur- 
ing galvanic couple currents. 


was felt that this 
would simulate 
exposure, except for denying ready 
access air the couple. For the 
purpose these experiments dilute 
sea water sodium chloride can 
marine atmosphere, acidified 
lute solution sodium sulfate 


mosphere and distilled water 


representative dew and 
sation the tropics. 

The potentials were measured 
against silver/silver elec. 
trode means potentiometer 
and the currents were measiired 
the zero resistance 
determinations were made with 
cording instruments but this was 
perature was controlled placing the jars con- 
stant temperature water bath. All 
were made 

The materials used the studies are 
Table 

The electrodes were cleaned with solvent 
sembled the fixtures. effort was made 
move natural oxides impurities from the surfaces 
chemical mechanical treatments. When the 
specimens were inserted with the 


“wick” filter paper dipping the electrolyte, the 


assembly was placed the water bath immediately 
and measurement made the single electrode 
tentials against the silver chloride reference 
trode. This was called initial measurement but 
effort was made control the time; was 
measurement made quickly possible after 
tact with the electrolyte. some the early work, 
measurements the potentials were made for 
ods hours, but was found that these had 


begun stabilize most instances after two 


three hours. standard procedure, the potentials 
were measured over two hour period, then the 


ple was shorted and the galvanic corrosion current 


was determined means the circuit shown 
Figure 

Both the current and potential each shorted 
couple were measured over period thot- 
sand minutes (2-3 days). the end the 
the couple short circuit was opened and the 


over “recovery” period two hours. 


Spread and Time Changes 

The silver/silver chloride reference 
frequently checked against each other and 
saturated calomel electrode insure that 
trodes were functioning properly, was 
pected, considerable spread was found the 
the potential like metal specimens, 


men specimen and with time. some tht 
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ATMOSPHERIC GALVANIC COUPLE CORROSION 


POTENTIALS 
Ec 


IN VOLTS 


1 IN MICROAMPS 


AL ANODIC 
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OIN Naz (NEUTRAL) 
ELECTRODE AREA 1 SQ. IN 
(Agct REF. ELECTRODE) 


150 1100 1400 
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ELECTRODE 
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IMMERSED 


Figure 3—Potentials and currents zinc-aluminum couples. 
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Figure 5—Potentials and currents couples chromium with silver, 


aluminum and magnesium 0.01N 


values became more negative with time and others 


more positive drifted back and forth. 


Inasmuch the measured potentials are the re- 


sultants the potentials the various small anodic 


and cathodic areas the metal surface any given 
time, both the spread and changes with time have 


considerable significance providing explanation 


for the actual behavior galvanic couple corrosion 
under service conditions. typical example given 
Figure where the averages the potentials and 


currents four zinc-aluminum couples are plotted 


against time, will observed from the plot 


galvanic corrosion current, the aluminum started 


anode but after about thousand minutes its 
position with respect zinc were reversed. Another 


example shown Figure where iron coupled 


the chromium-iron alloy, type 430 steel. 


Effect Anode and Cathode Products 

considerable significance the effect the 
products produced the anodes and cathodes upon 
the potentials. generat the anodic metal not 
affected much the metal acting For 
chromium chromium steel will not 
affected when slightly anodic cathodic 
another metal, but when coupled metal like 
magnesium the large corrosion current will produce 
alkaline and highly reducing condition 
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Figure 4—Potentials and currents iron-430 steel couples. 


ELECTRODE POTENTIALS 
SOLUTION 


INITIAL VALUES 

CELLS 

TEN MEASUREMENTS 


CdCr Fe Pb Sn 430 Ni 302 BR Cu 


| 


EMF VOLTS VS. Ag: 


Figure 6—Statistical chart the single electrode potentials several 
metals, 


the cathode film. The potential chromium will 
nearly half volt more negative during the 
ery” period illustrated Figure 

Since the open circuit single electrode potentials 
vary over such wide range, tables giving such 
values may relatively meaningless. series 
histograms showing the values and spread inter- 
vals elapsed time aids depicting the relative be- 
havior different electrodes. The data from large 
number measurements single electrode poten- 
tials are shown Figure The values are shown 
for both the initial measurements and for measure- 
ment made after the electrodes had been contact 
with the electrolyte from two two and half 
hours. The length the bars represents the number 
measurements having value within millivolt 
bracket cell. other words, all values between 
1.00 and 1.05 volts are plotted 1.025. many cases 
would difficult predict which metal would 
anodic another thus emphasizing the inadequacy 
static single electrode potential measurements for 
predicting galvanic couple corrosion any quanti- 
tative way. 


Other Graphical Data 
While measurements the galvanic corrosion 
currents show some spread and change with time, 
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Figure 7—Explanatory chart for potential- 


current charts. 
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Figure 10—Corrosion currents and potentials 
various couple combinations .01 NaCl. 


the direction and magnitude the 
currents clearly establish which 
electrode galvanically cor- 
roded and relatively how rapidly. 
reversals occur usually under 
conditions where the currents are 


very small such illustrated Figure 

The currents representative group quadru- 
plicate samples have been averaged over period 
100 1000 minutes and plotted with the maximum 
spread averages the potentials. These data are 
given Figures 12, inclusive. illustrated 
Figure the maximum potential difference the 
open circuited couple shown, with the potential 
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Figure 8—Corrosion currents and potentials 
magnesium coupled various metals 
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Figure 11—Corrosion currents various couple 
combinations distilled water. 
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Figure 9—Corrosion currents and potentials 
aluminum coupled with various metals 


MICROAMPS 
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Figure 12—Corrosion currents and potentials 
various metallic couple-electrolyte combinations. 


the short circuited couple both the beg 
and end the period, and the “recovery” pote 
The bar graphs show the average current for 
one the samples, The value the potential 
short-circuited couple indicates the kind 
tion control; cathodic control being indicated 
more negative values. For example, there 
nant cathodic control the Mg-Fe couples, 
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Figure 13---Corrosion currents different time intervals various 
couple combinations where magnesium, zinc dnd aluminum are anodes. 


contro! the Al-Ag couples chloride solutions and 
anodic control Zn-Al neutral sulfate solutions. 

Figures and the average initial, fifteen 
minute and final currents are shown for all the 
couples which were studied dilute sodium chloride 
solution. Particular attention should paid the 
magnitude the current designated final, which 
was usually taken after short circuit period eight 
ten thousand minutes (six days). This current 
indicative what might expected service over 
time period, 

Table gives the approximate values current 
which would cause the removal 0.001 inch metal 
corrosion one year from one square inch sur- 
face. Consideration the data Figures and 
reveals that the case the Al-Cu couple exposed 
chloride solution under the conditions this 
test, the loss would 0.007 inch per year the cor- 
rosion were uniform. the same basis, the loss 
the Mg-Cu couple would around 0.034 inch. 
This assuming that the average current shown 
would extend over period year. 


Couple Potential Differences 


examination the data reveals that the couple 
potential difference, except very broad sense, 
unreliable guide the magnitude the gal- 
rosion current, For example, the potential between 
430 and magnesium not significantly differ- 
ent from that between copper and magnesium; yet 
the corrosion current the former only two-fifths 
that the latter, 

About the same situation holds true for compari- 
son nickel-aluminum and copper-aluminum. The 
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Figure 14—Corrosion currents different time intervals various 
couple combinations. 


TABLE 2—Corrosion Currents for Various Metals 
Approximate values of current which would cause the removal of 0.001-inch 


of metal by corrosion in one year from the specimens in these tests, which have 
a nominal area of 1 square inch. 


Metal Current (Microamperes) 


extreme reactivity magnesium couple member 
brought out the data. For example, when 
coupled with copper, silver, iron the corrosion cur- 
rent more than six times great that sim- 
ilar couples with aluminum. Its behavior the pres- 
ence condensation clearly indicated the data 
Figure 11. With distilled water saturating the filter 
paper separator, the current magnesium-430 
steel couple sixteen times that aluminum-430 
steel couple. This due for the most part the 
high solubility and ionization magnesium hydrox- 
ide and carbonate that magnesium can said 
providé its own electrolyte. 


Weight Loss Studies Couples Exposed 
the Atmosphere 


The determination rates galvanic couple cor- 
rosion the atmosphere much more complicated 
problem than most other corrosion measurements. 
The action usually restricted the immediate 
vicinity the couple junction, hence weight losses 
reduction tensile strength may not signifi- 
cant. The American Society for Testing Materials 
has long employed assembly washers bolted 
together test specimens and has reported its re- 
sults several these specimens the 
action confined the edges the washers and 
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Figure 17—Roof exposure site New York showing racks and louvered 
shelter, 


weight loss measurements are not very sensitive. 
Furthermore, there tendency for these washer 
type couples open circuit develop high resist- 
ance between elements, 

new type couple has been developed* which 
does not have some the shortcomings the 
washer type. comprised threaded rod the 
cathodic material which wound wire the 


anode material shown Figure 15. The surface 


* This couple was developed originally at the Bell Telephone Labora- 
tories by Mr. C. H. Sample who is now with the International Nickel 
Company, 
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which corrosion can occur large compared 
the volume the test specimen. Hence the test 
imen will experience large changes percent 
loss for relatively small amounts The 


wires and bolts are cleaned with solvent and 
with clean gloves that electrolytic 
tion occurs, The wire weighed, then wound the 
bolt and the ends attached the lugs insure 
trical contact. The ends the wire and the lugs are 
covered with bituminous coating prevent 
tion this point which might introduce high re. 
sistance between the wire and bolt cause open 
circuit. 

has been found convenient moun: these 
couples racks shown Figure These racks 
are placed flat horizontal position when exposed, 
The terminal lugs are placed underneath the 
men such way that moisture will drip from 
the specimen that point. After exposure, ends 
the wire which are attached the lugs and were 
coated with bitumen are clipped off, cleaned boil- 
ing toluol and weighed. The weight these ends 
subtracted from the initial weight the whole wire 
give the weight the specimen actually 
couple intimate contact with the bolt, 

this study the corrosion products were 
from wire specimens brass, copper, 
lead, tin, nickel and corrosion resisting steel 
trolyzing the cathode bath containing per- 
cent and 0.2 percent “Rodine” inhibitor. Cad- 
mium specimens were cleaned immersion 
wires were given the same treatment, but 
ing solution containing percent chromic acid and 
percent silver nitrate. Aluminum received 
ute treatment, with brushing, solution 
ing grams chromic acid and percent 
phosphoric acid per liter, Magnesium wires 
cleaned for seconds percent solution 
chromic acid containing percent silver 
These cleaning procedures were applied clean un- 
corroded wires determine the losses weight due 
cleaning that correction factor could ap- 
plied the weight the corroded specimens after 
removal corrosion products. 

Three representative exposure sites were 
Point Reyes, California, roof New York 
tropical jungle location Panama. The test site 
Point Reyes located the windswept 
beach about thirty-five miles north San Francisco, 
and characterized westerly winds from the 
ocean, frequent fogs and nightly dews, little 
rain wash away the accumulation sea The 
New York roof site was that formerly used the 
ASTM for corrosion exposure nonferrous metals 


and electroplated coatings, and 
contamination from flue gases and the fumes 


industrial plants. The Panama test site was the 
jungle behind Fort Sherman the Atlantic side 
the Canal Zone, and representative 


tropical exposure. 


all three locations some the specimen; 
boldly exposed the weather and others were placed 
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Figure and wire couples (percent weight loss magnesium 
wire per 100 days bold exposure). 


ina louvered shelter which was essentially Steven- 
son box used for housing meteorological 
which allows free circulation external 
cycling room which was designed simu- 
but sheltered tropical environment such 
might encountered during shipment storage 
material. The cycle consists steady 
hour and half 120 where the temperature 
held for four and half hours, then drop back 
over three hour period; all nominal rela- 
tive humidity percent. 
Each combination metals was exposed tripli- 
set blanks comprised bolts and wires 
the same metal were exposed along with the couples 
the rate corrosion the various en- 
vironments specimens that were not coupled 
dissimilar metal. This rate was subtracted from the 
observed combined rate corrosion give that due 
galvanic couple action alone, assuming the effect 
the superimposed galvanic corrosion upon the 
simple atmospheric corrosion negligible. 
Point Reyes and New York two sets speci- 
mens were given the bold exposure. One set was ex- 
posed for approximately days and the other set 
together with the specimens the shelter were ex- 
posed for about 150 days. The Panama and cycling 
humidity room specimens were all exposed for the 
day period. The data are given Figures 
inclusive. addition the data for few repre- 
sentative couples have been plotted Figure 
show the correction for the blank the case both 
exposed and sheltered specimens, 


The data for many the samples containing mag- 


wire may error the low side, many 
broke due stress corrosion cracking and lost 
contact with the bolt. This breakage ap- 
with this particular magnesium alloy 
Various efforts minimize stress and avoid 
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Figure 19—Bolt and wire couples (percent weight loss aluminum 
wire per 100 days bold exposure). 
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Figure 20—Bolt and wire couples (percent weight loss zinc wire per 
100 days bold exposure). 
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Figure 21—Bolt and wire couples (percent weight loss wires per 100 
days bold exposure). 


breakage were without success. breakage oc- 
curred the case the other wires. 

inspection the data will confirm earlier state- 
ments that the relative corrosion not related 
tables potentials except general way. The 
metals can divided into rough groups based 
their galvanic corrosion tendencies whole. Con- 
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Figure 22—Bolt and wire couples second graph showing percent 
weight loss wires per 100 days bold exposure). 
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Figure 24—Effect shelter weight loss couples. 


siderable individual variation will noticed from 
one environment another. 

will noted that several apparent anomalies 
appear the data percentage weight loss, Fig- 
ure zinc shown causing slight galvanic cor- 
rosion aluminum whereas Figure aluminum 
shown causing the galvanic corrosion zinc. 
This same situation was revealed the corrosion 
current measurements. similar relationship exists 
with respect nickel and copper. 

some cases, iron tends promote galvanic cor- 
rosion metals normally presumed more 
noble. This may due the “passive” state iron 
under the conditions the test the presence 
oxide coating the iron which makes more 
cathodic. well known that oxide iron such 
mill scale cathodic active iron. practically 
all cases, iron appears cause more galvanic corro- 
sion than its potential the active state would in- 
dicate. 
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Figure 23—Bolt and wire couples (percent weight loss wires per 100 
days sheltered exposure.) 


Discussion 

any discussion atmospheric corrosion, one 
confronted with definitions exposure 
which range from very severe exposures 
industrial atmosphere the mildness «ry in- 
door environment, The exposure under two condi- 
tions, boldly and “sheltered,” the sites 
described this paper form good basis for 
parisons. Interpolation extrapolation other con- 
ditions can made reference the 
corrosion experienced representative groups 
uncoupled metals. The weight loss data indicaie that 
the marine atmosphere Point Reyes consider- 
ably more severe from the point view galvanic 
corrosion, than either that New York Panama. 
The last two are somewhat comparable, with differ- 
ences due largely the behavior individual couples. 

The bolt and wire type couple has proven 
excellent means quickly assessing the relative 
behavior different combinations metals the 
weight loss method. Where stress corrosion cracking 
occurs, this method may not reliable the wire 
loses intimate contact with the bolt. But most 
cases, even the wire breaks, the electrical contact 
maintained and the wire remains close enough 
the bolt insure continued galvanic corrosion. 

Measurements the galvanic couple corrosion 
currents described this paper provide quick 
means determining the probable relative corrosion 
behavior couples, The method more realistic 
than merely measuring potentials some 
time that shows the effect polarization and 
surface protective films controlling the rate 
rosion. the case magnesium reveals the effect 
the alkaline reaction products the meta! 
contact with condensation. Among its limitations 
the partial exclusion air from the corroding 
faces which might produce some distortion the 
relative rates corrosion various combinations 
metals. 

The agreement between weight loss data 
relative magnitude the final corrosion 
good except few cases. The large cur 
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rents the Mg-Cu and Mg-Ag couples would indi- 
cate larger relative weight loss than was obtained 
these This may explained re- 
sulting from the breaking the magnesium wires 
after short period exposure and the loss 
intimate contact between anode and cathode. re- 
verse situation exists the case Al-Fe and Zn-Cd 
couples where the weight loss data indicate higher 
relative rate corrosion than the comparable data 
corrosion currents. 


From study the data galvanic series can 
but only groups (see Table 3). Members 
the will usually suffer galvanic corrosion 
when coupled member group below the 
series. conditions may such that re- 
versal occurs. For instance, under some conditions, 
zinc galvanically corroded aluminum and 
copper nickel nickel-chrome steels. Where 
these occur, the magnitude the effect 
general rather The magnitude the corro- 
sion duced will depend upon how far apart the 
metals the series, the polarization character- 
istics the couple and other factors environment 
and 


Normally the metals within each group can 
considered compatible with each other, but under 
certain circumstances galvanic couple corrosion can 
occur within the group. For example, copper-rich 
alloys contact with pure aluminum will 
produce galvanic corrosion the latter wet with 
sea water. Lead and tin coatings steel are famil- 
iar example the galvanic corrosion steel 
the large ratio cathode surface 
anode surface prevents the normal cathodic control 
polarization and the galvanic current, even though 
the potential differences are small, Another example 
may found the corrosion resisting steel alloy 
family where, under some conditions, 430 type steel 
will badly corroded contact with type 316. 


From the information Figures and else- 
where this paper apparent that magnesium 
alloys cannot “exposed” the weather 
severely corrosive atmosphere when coupled with 
most other metals. Only aluminum, zinc and tin ap- 
pear have small enough effect that seems rea- 
sonable expect organic coatings protect couples 
magnesium and these metals. With the large po- 
tential differences and galvanic corrosion currents 
between magnesium and other metals unrealistic 
expect organic coatings protect couple when 
exposed marine atmosphere. The sea salt solu- 
tion can expected bridge the couple some 
manner (either through holidays, cracks pores 
simple permeability the organic coating ages) 
and permit galvanic current initiated. This 
current will produce alkaline products that will tend 


TABLE Series Prepared From Study Test Data 


Magnesiu Chromium, Copper-Nickel 


inc, Carbon Corrosion Resist- and Copper-Zinc 
Cadmium Steels, ing Steels (Types Alloys, Copper, 
Lead, Tin | 430, 302, 316, etc.) | Silver, Gold 


Aluminum, Iron and 
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cause blistering and peeling the organic coating 
with subsequent loss protection. the other 
hand, the great decrease galvanic corrosion which 
accompanies “sheltered” exposure magnesium 
couples permits their use when they are suitably fin- 
ished with organic protective coating. 

Aluminum and its alloys are somewhat the same 
category magnesium with regard exposure 
couples, However, since the potentials and galvanic 
corrosion currents are lower and aluminum may 
given protective oxide coating anodizing, ade- 
quate protection can provided. Bare aluminum 
coupled more noble metal will give severe cor- 
rosion trouble “exposed” marine environment. 
When anodized and painted will satisfactory 
unless the coatings are damaged near the 
couple junction. addition the more favorable 
potential and galvanic current situation, the prod- 
ucts produced the current are less destructive 
the protective coating. “sheltered” exposure, 
bare aluminum will not suffer severe corrosion un- 
less coupled one the metals Group “In- 
doors,” will essentially free from all dangers 
significant galvanic couple corrosion. 

and cadmium, which for the most part will 
appear protective coatings steel, will suffer 
much the same manner aluminum, unless phos- 
phatized and painted when “exposed.” When “shel- 
tered” “indoors,” their performance will much 
the same aluminum. (Note: Bare zine and cad- 
mium will develop white corrosion products under 
conditions high humidity and condensation unless 
provided with protective coating.) 

The metals Group III and will subject 
galvanic corrosion when coupled member 
more noble group and “exposed” the weather but 
much lower rate than the case Groups 
and II. When significant 

The studies described this paper not take 
into account the measures sometimes employed for 
the mitigation galvanic corrosion, The use in- 
sulating washers, elaborate organic protective coat- 
ings the interposing more compatible materials 
between the principal members the couple (such 
aluminum between magnesium and stainless 
steel) may helpful some cases. These measures 
become less reliable the conditions become more 
severe and the combination metals forming the 
couple becomes more active. Adequate tests have not 
been developed which give data which are useful 
predicting the behavior “protected” couples short 
actually constructing models and exposing them, 
particularly since factors such physical abuse, 
weathering, and required service life introduce vari- 
ables addition those normal atmospheric 
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stantiation fact the form tables, graphs 
other representative data and submitted three 
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Authors discussions are asked supply one copy 
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aration and Presentation Papers. 


Discussions will reviewed the editor Corro- 
sion and will sent the author the 
discussed for his replies, any. Publication will 
the Technical Section with full credit the authors 
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meetings the association may submitted 
writing the time presentation later mail 
the editorial offices Corrosion, 1061 
Bldg., Houston Texas. 
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Figure wing tank corrosion. Note 
scale and rust deposits. 


Countermeasures for Control 


CHARLES DILLON 


Introduction 


ARTICLE reviews laboratory and field cor- 

rosion data derived connection with the in- 
ternal corrosion problem the S.S. Wilson, 
T-2 tanker owned Carbide and Carbon Chemicals 
Company, division Union Carbide and Carbon 
Corporation and operated the Marine Transport 
Company New York, New York. 

The corrosion problem arises from cyclic exposure 
the internal compartments sea-water, marine 
atmospheres and hydrocarbon cargos during the 
transportation chemicals and 
tween the Texas Gulf Coast and the eastern sea- 
board. Applicability accepted counter-measures 
the Wilson’s specific mode operation was 
undefined the time the problem internal corro- 
sion was recognized and was necessary establish 
the mechanisms corrosion, the influence op- 
erating variables and the effectiveness individual 
remedial measures for the operating conditions. 

Anticipated direct costs internal corrosion for 
the Wilson during the period 1955 1967 
are estimated $125,000 annually. This figure 
derives from the estimated costs $1,850,000 for re- 
placements during this year period, which some 
$375,000 unavoidable, regardless counter-corro- 
sion measures, because the present condition 
the 

highly desirable extend the life the ship, 
possible, counter-corrosion measures rather than 
make expensive repairs necessary the vessel 
continue use for the next ten twelve years. 


The Ship—A tanker ship essentially floating, 
compartmented storage tank. The S.S. Wilson 
tanker approximately 5,000,000 gallons 
capacity, The vessel 524 feet length, feet 
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Abstract 
Internal corrosion wing tanks tanker ship, the 
Wilson estimated cost $125,000 annually. 
Corrosion mechanisms are described terms peculiar 
the operation this ship. Various counter meas- 
ures are considered, including coatings, inhibition 
cargo and ballast, use inhibited fresh and sea water, 
changes Butterworthing schedule, cathodic protec- 
tion with and without concurrent inhibition. Both 
laboratory and in-service tests are reported for 
numerous mitigation has been established 
tentatively that the best solution for this ship con- 
current inhibition cargo with oil-soluble inhibitor 
and treatment empty tanks with soluble-oil inhibited 
salt water wash. Reduction corrosion per- 
cent expected with net annual saving the order 


$65,000. 
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across the beam, with dead weight carrying ca- 
pacity 16,190 tons. 


Distribution the cargo compartments illus- 
trated Figure The eighteen wing tanks have 
capacity about million gallons, while equal 
volume can carried the nine center compart- 
ments. The cargo tanks are separated from the fuel 
bunkers and dry cargo holds void spaces known 
cofferdams. The appearance and arrangement 
similar ships have been described detail the 


Operation—The S.S. Wilson carries refined 
synthetic organic chemicals the center compart- 
ments, while the wing tanks are leased for the trans- 
portation refined hydrocarbon cargos. The cargo 
transported from Texas City, Texas, the ter- 
minal Carteret, New Jersey, during voyage 
days duration. the return trip, sea water ballast 
carried approximately half the wing tanks 
trim the ship, the remainder the tanks being empty. 


While there significant corrosion the 
chemical compartments the vessel, the wing tanks 
undergo moderate severe corrosion may 
seen Figure depending upon operating variables. 


The Fish, Game and Oyster Commission the 
State Texas requires ballast discharged the 
Texas City docks non-toxic marine life. The 
criterion applied the undiluted ballast, because 
assumed that only diffusion processes will govern 
its dilution the slip. 

Ballast loaded tank recently discharged 
hydrocarbons inevitably highly toxic marine 
life virtue contamination with residual cargo. 
This known the trade “dirty” ballast. When 
tanks are cleaned with the commercial high-pressure, 
high-temperature sea water wash known “Butter- 
last will non-toxic “clean.” 

prepare the wing tanks prior embarkation 
the ballast leg the voyage would expensive, 
because the delay the use the ship. 
therefore necessary load “dirty” ballast and depart 
the southerly voyage. The other wing tanks are 
Butterworthed and take clean ballast route, 
the dirty ballast being discharged the open sea. 
this manner, the vessel arrives Texas City with 
non-toxic ballast which can discharged will, 
either the bay the slip, weather demands. 


The ballast duty rotated between odd- and even- 
numbered tanks. will shown later, this mode 
operation superior—under the conditions op- 
eration the Wilson—to the “fixed” ballast 
pattern sometimes employed other operators. The 
latter type operation restricts certain tanks from 
ballast, while other tanks some geometrical pat- 
tern, e.g. athwart-ships, carry ballast each trip. 

Normal operations the S.S. Wilson have 
been such that after discharge cargo and loading 
dirty ballast, the other tanks were Butterworthed 
immediately and filled with clean ballast. After dis- 
charge dirty ballast, the empty tanks during the 
remainder the southerly voyage are water-wet and 
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exposed marine atmosphere, severely 
condition. 

One proposed method operation entailed making 
the entire ballast voyage with dirty ballast—leaving 
the empty tanks effecting the 
change clean ballast the Texas end the bal. 
last leg. The proposal was intended minimize 
rosion empty tanks, but doubtful practicality 
because the uncertainties operation 
weather, mechanical difficulties, etc. Any delay 
ship operation is, course, extremely 


second suggested mode operation would 
tail carrying ballast all wing tanks each retum 
trip. While this would eliminate atmospheric 
sion, the financial losses from increased time 
and increased fuel consumption easily could offset 
the potential saving resulting from the reduction 

present, believed that the normal operation, 
plus certain remedial measures, preferable. 


Corrosion Mechanisms—The general 
attack the corrosion steel sea water the 
metal surface the presence oxygen. Both water 
and oxygen are necessary order for the 
proceed. The mechanisms have been 
previously.® 

ballasted tank, the sea water not 
only the electrolyte but reservoir dissolved 
oxygen. The corrosion rate not normally exces- 
sive.” 3, 4, 6, 7 

Corrosion greater cargo-loaded tank, 
cause the metal wet with sea water from previous 
exposures and because the solubility oxygen six 
eight times greater the light hydrocarbons than 
sea There appear only minor differ- 
ences the corrosivity the light hydrocarbons 
carried, e.g., gasoline, kerosene and heating 

The conditions for atmospheric corrosion 
empty tank are somewhat more complex. 


Corrosion very severe empty tank which 
has been wetted with water immediately prior 
atmospheric exposure. this case, there ample 
electrolyte and supply oxygen unlimited 
bility diffusion considerations. 

Experience the S.S. Wilson and lab- 
oratory tests simulating the corrosive conditions, has 
been that corrosion empty tanks light when the 
metal has not between the cargo and 
atmospheric exposures. This true particularly 
the center compartments, whose cycle exposure 
refined aliphatic chemicals and marine atmosphere 
only, Figure shows the light even rusting and ab- 
sence scaling marked wastage center tank. 
The low rate cargo-wet tanks has not been 
ported previously except isolated exceptions 
the generalization about severe corrosion 
tanks. This lower rate may due one mort 
several mechanisms. First, the water 
the metal during the cargo leg may have been nearly 
all consumed corrosion. Second, there finite, 
although limited, solubility water 
(on the order 8-10 gallons per wing tank 
oline) and this may aid dessicating the 
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surface. Third, residual film hydro- 
the tank wall (or coupons) may constitute 


effective barrier against atmospheric attack. 

Regardless the governing mechanism, distinct 
diminution corrosion these tanks compared 
tanks with water-wet atmospheric exposure has 
been observed specimens both laboratory and 
field tests. 

Condensation walls empty tanks might cause 
serious the atmosphere even when there 
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her wetting between the cargo and atmos- 
Whether not this significant 
attack practice moot point. The likeli- 
ondensation governed water tempera- 
‘he adjacent (ballasted) tank, efficiency 
sfer through the scaled bulkheads, ambient 
ure the empty tank and the absolute and 
the air the empty tank. 
assumed that such condensation will occur 
most cases, Further investigation 

entative average corrosion rates each 
discussed—with the exception the con- 
phenomenon—are given Table These 
taken from years service well lab- 
field corrosion tests, with the exception 
-ure for atmospheric corrosion the absence 
ng. This exception interpolation from 
and field tests the S.S. Wilson 
representative data the literature 
rates for moderate severe atmospheric 
These corrosion rates will vary due 
seasonal temperature changes, but prob- 
stand approximately the same ratio 
regardless absolute rate under any given 

timate corrosion expected under con- 
cyclic exposure may made from con- 
the duration and intensity each phase 
Table illustrates this approach for 


rotating ballast pattern which each tank ex- 
posed cargo one half the time and one quarter 


the 


ime each ballast and wet atmospheric 
Relative severity the three phases stands 


the ratio 4:3:2 for the wet atmospheric, cargo and 
ballast exposures respectively. 


Some 


deviation the calculated average will occur 


practice due changes the nature the 
corrosion products the metal For in- 


stance, 


scale 


the chemical and physical condition rust 
accumulated long-term exposure any 


one phase will not necessarily the same that 
which results from cyclic exposure the same dura- 


average 


the calculated rates check well with 
rates observed service. Further, calculat- 


ing back from average field corrosion rates and break- 
ing them down according the duration exposure 


each 


rates 


data. 


phase the cycle, the calculated severity 
each phase check well with experimental 
ible illustrates the calculated and observed 
rates for several types cyclic exposures. 


Effect the Butterworthing operation upon the 


rates should not overlooked, but 


believed that sometimes has been over-emphasized. 


CONTROL TANKER SHIP CORROSION 


Figure 3—Internals center tank used for carrying refined aliphatic 
organic chemicals with alternate exposure marine atmosphere. Note 
absence pitting and scaling. 


TABLE 
Representative Corrosion Rates for Individual Phases Exposure 


Phase Penetration IPY 


Gasoline on pre-wetted surface 
Seawater 


TABLE 
Calculation Anticipated Corrosion 
for 4-Way Cycle (Rotating Ballast Plan) 


| Duration Percent Penetration, IPY 


Exposure | Rate, IPY 


Wet atmosphere 
Gasoline 


|Resultant Average 


TABLE 


Comparison Calculated vs. Observed Rates 
Corrosion Under Different Cycles Exposure 


| Corrosion, 
IPY 


Observed 
Rate 
(1000 Hr.) 


PHASE Severity 


Duration 
| Percent 


A. Alternate Seawater-Gasoline Exposure | 


| 


.0040 
.0025 


Gasoline 


.008 IPY 50 


50 


| | 
B. Alternate Gasoline-Wet Atmospheric Exposure 


Gasoline. . . -008 50 
50 


Alternate Gasoline-Atmospheric* Exposure 


-0040 
-0020 


Gasoline 50 
| 50 | 


0060 


Average 


* Specimens not water-wet between hydrocarbon and atmospheric exposure. 


tank not normally wetted between the ex- 
posures cargo and atmospheric conditions, for 
instance, severe corrosion will caused Butter- 
worthing operation between the two exposures. This 
due the fact that the metal surface wetted 
with sea water immediately prior exposure air. 
If, the other hand, tank water-wet anyway, 
from having been discharged ballast, addi- 
tional Butterworthing should have very little effect. 

should noted, however, that the impingement 
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.008 | 50 -0040 
.005 | 25 .0013 

-0040 

on 


Figure 4—Anode field corrosion test rack installed anode ladder. 
Outer row specimens grounded anode system, inner row insu- 
lated for comparison. 


TABLE 


Laboratory Tests Effect Butterworthing Temperature, 
Alternate Gasoline: Seawater Exposure 


Condition | 336 Hours | 672 Hours | 1006 Hours | 2012 Hours 
Hot Butterworth..... -009 .007 .007 .008 
Cold Butterworth. ... .007 .008 .006 


the high-pressure wash may accelerate cor- 
rosion removal rust and scale. 

has been suggested that the elevated tempera- 
ture the Butterworthing operation may contribute 
faster corrosion. procedure was developed, there- 
fore, which entailed cold sea water wash, using 
the Butterworthing nozzles and pumps, with success- 
ful cleaning and gas-freeing obtained adding 
sea water-soluble wetting agent, NPX” 
UCC Trademark). Field corrosion tests during this 
period, well corroborative laboratory tests, indi- 
cated that the temperature the Butterworthing 
stream did not affect the corrosion rate (Table 4). 
This not surprising when the brief exposure 
the sea water wash considered, although the 
Butterworthing sometimes has been considered 
corrosive factor per se. 


Corrosion Tests—Simultaneous laboratory and 
field corrosion tests were begun effort study 
the variables involved internal corrosion the 
S.S. Wilson and the applicability the several 
countermeasures. 

Field corrosion tests were conducted coupons 
and panels exposed wing tanks the vessel, 
operating conditions being restricted certain tanks 
determine effects specific variables upon corro- 
sion rates. Corrosion test racks were exposed the 
botton, middle and top sections the tanks. Speci- 
mens were insulated electrically from the racks, 
except when the efficacy experimental anode 
installation was being studied. typical corrosion 
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rack shown Figure The specimens were pre. 
pared, cleaned and evaluated according 
corrosion testing techniques. 

During the course the laboratory test Program, 
number techniques and apparati were employed, 
All eventually devolved simple Erlenmeyer flask 
set-up containing number specimens, aerator 
and the medium appropriate for the cycle exposure, 
humid marine atmosphere was supplied all flasks 
stream air which was sparged through 
reservoir sea water and delivered through mani- 
fold the individual flasks. 

The Butterworthing operation was simulated origi- 
nally immersing the specimens sea water wash 
circulated laboratory pump. later developed 
that the same results could 
sion-wise—by simple washing procedure 
beaker, with the sea water agitated 

Special techniques used studying 
phases (atmospheric corrosion and its inhibition, for 
instance) every case ultimately gave way 
term cyclic exposures the Erlenmeyer flasks under 
conditions duplicating closely possible cycle 
exposures representative the mode 
being studied. 

The outstanding feature the laboratory was 
that complicated, but especially short-term, tests some- 
times gave spectacular results the evaluation some 
particular treatment factor. However, most these 
results disappeared long-term testing under 
conditions. 

was concluded that tests from 1000 2000 
hours’ duration are required establish data com- 
parable field test results. typical testing cycle 
might for instance 


This would correspond exposure tank for four 
weeks with rotating ballast pattern. When several spe- 
cimens are exposed and one specimen evaluated the 
end each cycle, reliable and reproducible results can 


Counter-Corrosion Measures—In general, counter- 
corrosion measures may divided into two classes. 
The first consists number techniques 
changes materials construction, increased thick- 
ness structural members and the use 
The second consists group treatments which 
have common the principle controlling the corro- 
sive environment. the second class, dehydration 
one more the phases, removal oxygen, use 
fresh water, chemical inhibition one more the 
phases and cathodic protection may 

These measures vary widely their 
depending upon the age the ship and its operation 
regards duration each phase the cycle. 
stance, cathodic protection installation 
only when conducting medium present. 

Another variation arises from the toxicity 
tions ballast. Certain operators may find some 
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protection, especially caused substantial changes 
the conditions the metal surface the scale, 
may carry over from one exposure another, par- 
ticularly undisturbed cleaning 
Toxicity requirements for the ballast the S.S. 
Wilson, however, previously described, entail 
frequent Butterworthing. This cleaning schedule 
strongly militates against carry-over protection 
from one type exposure another. 


Applicability Counter-Corrosion Measures 
the S.S. Wilson 


rotating ballast pattern. Two possible modes 


this pattern are: Changing clean ballast 
out the northern port (“Normal 
delaying the change until the last 
possible out Texas City. 

The tating ballast pattern justified because 
empty tanks severe under normal 
conditions. The rotating pattern equalizes 
between ballasted and empty tanks. Under 
delayed Butterworthing conditions, the corrosion 

that ballasted tanks, fixed pattern would 
offer and would less versatile. pos- 


sible exception this (e.g., where cathodic protection 


corrosion rates empty and ballasted 
tanks under both methods. 

Following detailed discussion the applica- 
bility individual counter-measures under the con- 
ditions prevailing S.S. Wilson. 


Materials Construction—Substitution alloyed 
materials for mild steel normally used tankers 
being considered other investigators. The pre- 
ponderance data from other indicates 
that low alloy steels are superior mild steel for 


atmospheric exposure but little better 


immersion service—with the possible exception in- 
creased pitting resistance. possible that some 
advantage would gained cyclic exposures and 
this should demonstrated finally performance 
certain experimental barges and alloy compartments 
the new tanker hulls. 


Such approach doubtful merit for the S.S. 
Wilson, which has seen more than half its 
expected service life and not under consideration 
for replacement structural members. 


Increased Scantlings—Increasing the thickness 
structural members offset corrosion normally 
expensive compared other remedial measures. 
obvious that this approach, like the first, limited 
new replacement parts. not being con- 
sidered because the primary object the present 
investigations prolong the useful life the 
vessel with minimum replacement and repair. 


metal from its environment 
With barrier film will eliminate corrosion effec- 
tively. The practicality such technique deserves 
thorough study. 
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TABLE 


Laboratory Tests Simulating Ballast and Slack Tanks 
With and Without Delay Butterworthing Application 


336 Hours | 672 Hours | 1008 Hours 
A. Ballast Tanks 
B. Slack Tanks* 
.005 .004 .003 


Gasoline inhibited. 


coatings are not considered economically 
feasible, the initial cost being estimated minimum 
$1.50/sq. ft. for zinc metallizing, for instance. 
zinc coating also has the further objection that may 
have adverse effect certain hydrocarbon car- 
goes.* Coating with metal more noble than the 
structural steel would both uneconomical and 
dangerous from the standpoint galvanic corrosion 
holidays the coating. 

Organic coatings were viewed more favorably, 
the basis the work done who re- 
vinyl coatings might effective solutions wing 
tank corrosion, although the initial costs might 
high. Estimates high one million dollars have 
been made for coating T-2 tanker and annual main- 
tenance painting touch-ups would necessary also. 


number coatings have been and are being 
tested the wing tanks the S.S. Wilson. 
These include vinylidene chloride-acrylonitrile, 
epoxies, furane, zinc lead silicate and modified phe- 
nolic systems. Tests are being conducted using regu- 
lar well KTA* panels and there are experimental 
applications upon local sections piping. number 
failures have occurred, some which have been 
because the coatings lacked chemical resistance. 
other instances, failures coatings otherwise suit- 
ably resistant and some cases standing well 
the same service are ascribed variables inherent 
surface preparation and application. Typical failures 
involved loss adhesion subsurface corrosion. 


the basis these tests and literature data, 
experimental application vinyl system was made 
the No. port and starboard wing tanks October 
1953. Cranmer’s objection Butterworthing vinyls 
did not apply this case, since the coated tanks could 
cleaned adequately cold wash, detergent 
being added necessary. 

Although there was considerable difficulty 
obtaining good surface and maintaining 
between the sand-blasting operation and the applica- 
tion the coating, the tanks were finally coated with 
what appeared satisfactory film. There was 
some spray over-shooting, but minimum holidays. 
The condition the finished tanks shown 
Figure 

These tanks performed beautifully for some three 
was found that they could gas-freed 
less than half hour washing with cold water 
from hand-hose. 


After three months’ service, some small holidays 
were evidenced appearance rust from the under- 


*Kenneth Tator Associates, Coraopolis, Pa. 
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Figure 5—View No. port wing Newly coated with five-coat 
vinyl system. 


Figure 6—Condition coating No. starboard tank after six 
months’ service. Note peeling and stripping. 


lying steel. There also was some indication that the 
coating was losing its adhesion, that had not had 
good original adhesion locally. After six months’ 
service, total failure the coating overall loss 
adhesion was apparent upon casual inspection. The 
failures are illustrated Figures and 

will noted that there was evidence attack 
the coating itself. fact, the same coating 
local piping sections still performing adequately 
after more than year. believed that the failure 
resulted directly from inadequate surface preparation 
the badly corroded complex internal structure 
(Figures and under the conditions normally 
encountered dry-docking. 


Since the cost this venture was well excess 
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Figure 7—Coating failure No. tank showing absence cttack 
the vinyl film with local loss adhesion. 


the estimated cost $0.80 per square foot since 
its economics are somewhat doubtful even 
cessful application achieved, believed the 
present state knowledge does not this 
approach for the S.S. Wilson. 
emphasized too strongly that failure the viny! 
system wholly ascribed surface preparation 
culties with the badly corroded surfaces 


twelve-year-old vessel. possible, for instance, that 
successful and economical application might 
made during the construction new vessel. 


Dehydration—Removal water from the environ- 
ment and from the metal surface will effectively pre- 
vent corrosion. This approach not applicable 
ballasted tanks. 


has been noted already that corrosion during 
the cargo exposure due water the metal sur- 
face, the hydrocarbons functioning only 
dissolved oxygen. the metal surface were dessi- 
cated prior contact with cargo, this corrosion would 


eliminated, 

attempt was made dry the metal surface 
during hydrocarbon exposure laboratory tests 
additions methanol isopropanol the cargo. 
Although additions 0.5 percent either alcohol will 
increase the solubility water refined hydrocar- 
bons, significant protection was achieved during 
apparent value. 

Empty tanks may protected application 


either desiccated air desiccated flue gas. The latter 
technique entails the hazard introducing carbon 
dioxide and sulfur compounds into the tanks, which 
might promote corrosion the event failure the 
drying 

The commercially available dehumidification 
tems operate forced injection air with very low 
relative humidity into the empty tanks, lowering the 
humidity below the critical point and pre 
venting corrosion. The equipment necessary treat 


4 


eighteen 
There 
empty 
the 
ation 
and 
empty 
means 
spray) 


ment 
under 
There 
will dea 
zine, for 
The a 
with 
Howev 
sibility 
might 
techniq 
minim; 
tatively 
Steel 


sea wat 


when 


scale 
the 
the ball: 
nomics 
oxygen 
ppm 
100 Ib. 
ppm 
pound 
Short 
tests 
when 
expo 
rates 
exceede 
Similar 
chemica 
The l 
with tin 
deposits 
thought 
bacteria 
the 
the wat 
rate 
ometric 
this, tor 
consu 
lated 
the 
tially 


Bye 
(a 
a 4 
3 4 
q 
4 
: 
q 


the 
his 

nyl 
his 
hat 


September, 1955 


eighteen wing tanks would cost the neighborhood 
$28,000 plus labor and overhead charges. 

There was some question also whether the 
dehumidification systems could effectively dry the 
empty tanks during the relatively short duration 
the voyage from the East Coast the Gulf. Consider- 
ation this method was abandoned when laboratory 
and field corrosion tests suggested that corrosion 
empty tanks could reduced drastically other 
means delayed Butterworthing inhibited 
spray) lower cost. 


De-Aeration—Removal oxygen from the environ- 
ment prevent deterioration steel effectively 

There appears practical method which 
will The addition hydra- 
zine, for instance, would involve handling hazardous 


materia! ind costs would prohibitive. 

The mosphere empty tanks might replaced 
with atmospheres, such scrubbed flue gas. 
previously discussed, this entails the pos- 
increasing corrosion because difficult 
all oxygen and because sulfur compounds 
might introduced into the environment. Such 
techniq: have been used primarily over cargo 
the explosion hazard. Its potentialities for 
mitigation have not been defined quanti- 
tatively, are its economics now known. 

Steel remain bright indefinitely oxygen-free 


sea the absence bacterial action—even 
when coupled more noble materials such mill- 


scale copper alloys. ballasted tanks were filled 


the access hatches, would feasible de-aerate 
the ballast additions sodium sulfite and the eco- 
nomics are inviting. Specifically, the solubility 
oxygen sea water (7.3 ppm requires about 
ppm sulfite for de-oxygenation. The addition 
100 Ib. per wing tank would give concentration 
ppm the ballast, and the annual cost (at $.05/ 
pound sulfite) would less than $1000. 
Short-term laboratory tests and the initial field 
tests showed very marked diminution corrosion 
when the ballast phase was de-aerated. the time 
exposure was extended, however, the corrosion 
rates increased until they approached and sometimes 
exceeded the corrosion rate the blank (Table 6). 
effects have been observed with aliphatic 


chemical: sea water tests. 


The loss effectiveness sodium sulfite additions 
with time was accompanied the formation black 
deposits corrosion coupons. Initially, was 
thought that this and the accompanying loss pro- 
tection was the result the action sulfate-reducing 
these tests, iron sulfides were detectable 
the specimens and hydrogen sulfide was found 
the water. Further, field tests persistently showed 
rate consumption sulfite excess its stoichi- 
ometric relationship with the dissolved oxygen and 
this, too, was thought originally consequence 
consumption the sulfite bacteria. was postu- 
lated that sulfite, intermediate compound 
the sulfate, might attacked preferen- 
tially the anaerobic bacteria. 
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Figure 8—View 
Note complexity structure. 


No. wing tank before preparation for painting. 


Figure 9—Paint application No. tank over pits, knife-edges and 


welds. 


TABLE 


Loss Efficacy Sodium Sulfite-Treated Ballast 
(Inhibited Gasoline) 
Alternate gasoline-ballast exposures 


336 672 1008 1344 1680 2016 
Hr. Hr Hr Hr. Hr. Hr. 
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TABLE 


Ineffectiveness Fresh Water Substitution Alternate 
Gasoline-Wet Atmospheric Exposure with Inhibited Sprays 


336 Hours | 672 Hours | 1008 Hours 


TREATMENT Water 

| Seawater .012 .009 .008 
Polyphosphate....... Seawater .008 .007 .005 
Polyphosphate.......| Fresh .004 | .004 .004 
Seawater -005 .006 


For all practical purposes, the influence sulfate- 
reducing bacteria was eliminated, insofar the cor- 
rosion was concerned, when analagous tests either 
sterilized sea water sea water treated with five parts 
per million sodium pentachlorophenate continued 
show loss efficacy the treatment with time. 


was concluded that the de-aeration ballast 
sulfite additions (or other techniques) would not pre- 
vent corrosion effectively under conditions opera- 
tion the S.S. Wilson. Specifically, believed 
that under anaerobic conditions, chemical and physi- 
cal changes occur the otherwise protective scale 
and rust formations which permit continued high 
initial rates attack upon subsequent exposure 
aerobic conditions. The corrosion rate any cycle 
using deaerated sea water higher than that the 
corresponding cycle with all phases aerated, presum- 
ably because the quasi-protective nature the cor- 
rosion products formed the latter case. was noted, 
for instance, that even with bactericides present, the 
rust scale formed during cargo phase was reduced 
lower oxides iron during subsequent exposure 
sea water containing residual sulfite. 


Fresh Water—It has been suggested that the substi- 
tution fresh water for sea water ballast and clean- 
ing operations would result marked diminution 
corrosion. reported, for instance, that tankers 
operating the Great Lakes suffer less attack than 
their sister ships plying salt water routes. 

change fresh water ballast impractical for 
ships operating between salt water harbors. However, 
the use fresh water wash, either substitute 
for the Butterworthing rinse after cleaning, 
was not considered impractical. Fresh water was 
available the Carteret terminal price $.30 
per ton and was considered possible load 3000 
barrels into the forward deep tanks for such purposes. 
This would entail expenditure the order 
$4000 annually. 


Laboratory tests were initiated determine the 
extent which the use fresh water the Butter- 
worthing stream would affect the overall corrosion 
rate. The tests also included the effect certain 
inhibitors. 336 hour test cycle simulating water- 
wet empty tanks gave rate .012 IPY regardless 
whether the Butterworthing was done with salt 
with fresh water. Table illustrates that effectiveness 
either soluble oil glassy phosphate spray inhibi- 
tors not significantly influenced the salinity 
the water except for initial exposure. The efficacy 
the fresh water disappears with time. 


this regard, has said: “Replacing salt 
water with fresh water spray would have only 
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moderate effect reducing corrosion. The greatey 
benefit might come from the removal 
salt particles which permit corrosion occur at, 
lower relative humidity. This effect might not 
noticed where the relative humidity regularly 
where the surfaces are frequently wet with 
densate.” 


should emphasized that the cycle exposure 
these tests involved exposure the steel 
water the tests which fresh water was The 
fresh water replaced the sea water its 
Similar results were obtained tests which the 
specimens were rinsed with fresh water after Butter. 
worthing. 

concluded that the use fresh the 
S.S. Wilson would not significantly the 
overall rate corrosion clean service. 


might suggested that the reported 
rates tankers fresh water service may mor 
profoundly affected operational variables the 
ballast requirements the number, kind 
quency cleaning operations) enviro: mental 
factors (e.g., water temperature, tem- 
perature, relative humidity and other logical 
conditions) than the salinity the water 
the service. 


Cathodic Protection—Cathodic protection the pro- 
tection steel electrolyte the application 


direct current from external source direction 
opposite that normally engendered the 
sion process. This may accomplished either the 
use sacrificial anodes (e.g., zinc magnesium) shows 
applying direct current from battery rectifier 
through inert anodes (e.g., graphite high silicon years 
cast iron). tioned 
There question that such approach often extent 
practical and economical solution problems in- with 
volving corrosion aqueous media. Its application cargo. 
the problem tanker corrosion has been discussed adjacen 
anodes are effective during exposure Field 
there was some question the degree carry-over showed 
other phases exposure various types the dur 
tional cycles. the 
Application cathodic protection means some 
magnesium anode installation was the first suggested gree 
approach the wing tank corrosion problem When 
Wilson. 
trial installation anodes was made the 
port and starboard wing tanks May 1952 and evalu Thes 
ations their merit have been made continuously 
since. The installation consisted ladders 
anodes per tank. With current output estimated 
five amperes per anode and favorable 
current, current density 15-20 milliamperes 
square foot may anticipated. This had 
the current density 5-10 milliamperes per 
foot normally required polarize steel se: 
under relatively quiescent conditions, view the 
new anode installation given Figure 10. 
The No. tanks originally were restricted ballast vent 
duty order get appraisal the anod. effec Was 
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Figure new magnesium anode installation No. star- 
board tank. 


tiveness within reasonably short time. Figure 
shows the used anodes after two years service. 
Weight was such that two and one-half three 
tioned that magnesium expected corrode some 
extent during the cargo leg, because would wet 
with sea water and oxygen would available the 
cargo. such corrosion would not protect 
adjacent structural members because the absence 

electrolyte. 
Field tests the S.S. Wilson originally 
showed degree protection roughly equivalent 
the duration exposure sea water ballast. When 
the tanks were alternate cargo-sea water service, 
some 40-50 percent protection was derived. The de- 
gree protection was proportionally diminished 
when rotating ballast pattern was employed, be- 
cause the anodes were then sea water about per- 

cent the time. 


q 


These first results were checked field corrosion 
micrometer measurements the anode 
and laboratory tests. Table illustrates 

the effectiveness cathodic protection eight milli- 
water exposure. 

had been suggested that the calcareous deposit 
steel cathodic protection sea water 
effect carryover protection the cargo 
and atmospheric exposures. was felt that the fre- 
cleaning operations demanded toxicity 
considerations for the ballast would effectively pre- 
vent formation adequately protective deposit. 
Was further known that such deposits may not main- 


Figure 11—Condition anodes No. starboard tank after two 
years’ service. Note sporadic calcareous deposits. 


Figure 12—View corner No. starboard wing tank showing the 
exceptional calcareous deposit found this localized area. 


TABLE 


Comparative Efficacy Cargo Inhibition 
and Cathodic Protection Alternate Gasoline-Seawater Exposure 


Inhibition 


Cathodic 
Duration, Hr. Blank Protection* Inhibition Plus 


* 8 milliamperes sq. ft. cathode current density. 


tain polarization the underlying metal upon 
exposure air. has cited instance 
which calcareous deposit laid down 125 milli- 
amperes/square foot failed maintain polarization 
steel plate exposed briefly air during the tests. 


alu- 
not 
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last 


Figure 13—Condition calcareous deposit found behind supporting 
member. Note loose rust scale and gelatinous calcareous deposit. 


Actually, excellent tight calcareous deposit has 
been laid down certain areas the wing tanks 
(Figure 12). This type coating might yield more 
effective protection could obtained through- 
out the tanks, Some specimens the No. tanks for 
more than two years showed percent protec- 
tion, but results the majority the tests were poorer. 


certain areas, particularly those not reached 
the Butterworthing spray, heavy but gelatinous de- 
posits calcium and magnesium salts are laid down. 
This illustrated Figure 13. This jelly-like ma- 
terial probably ineffective protecting the steel 
against corrosion non-ballast exposures. 

The theoretical basis for achieving effective 
anode installation still unknown. According the 
literature, necessary eliminate minimize the 
operation “good” calcareous de- 
posit laid down. Experience these tests, 
however, seems indicate that un-Butterworthed 
areas not receive the type deposit necessary for 
adequate protection. seems probable there 
intermediate condition between Butterworthing and 
freedom from Butterworthing which will allow the 
establishment adequate calcareous deposit under 
certain conditions current density and duration 
exposure sea water. 

fixed ballast pattern, normal operation, would 
leave the non-ballast tanks open severe atmospheric 
corrosion. the absence counter-measures for the 
slack-tank corrosion, rotating ballast pattern 
necessitated, requiring anodes all wing tanks the 
S.S. Wilson. compared with another ship 
using fixed ballast pattern, with anodes the ballast 
tanks only and these exposed sea water half the 
time, will noted that anode installation the 
Wilson would involve twice many anodes and their 
exposure ballast only percent the time be- 
cause the rotating pattern. 


Based the installation the No. tanks, cathodic 
protection costs about $3000 per wing tank plus $1500 
every two-three years for anode replacement. For 
eighteen wing tanks and ten-to-twelve year life, this 
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about percent protection slightly more. 


was long felt that this would 


approach taken more economical method 


alleviating ballast corrosion could not found. 


There contradictory evidence, however, 
whether cathodic protection and cargo inhibition 


supplement one another. long-term laboratory tests 


for alternate exposure gasoline and sea water, 


was found that eith rgo inhibiti 

but that their effects were not additive. 
indicates 


protection would give about percent protection 


words, shown Table more protection was 
achieved the joint use cargo inhibition 
cathodic protection ma/sq./ft. than either 


treatment alone. Because the applied current Ballas 


amounts 


measured directly, seems probable that alkalinity 
the cathode interfered with operation the cargo 
inhibitor rather than that the inhibitor restri-ted the 
applied current. 


must admitted that field data not 


bear out these results, because there was 
cathodic protection the tanks despite the presence 


surface. 
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the inhibitor, but would seem that further 
the 
concent: 


gation warranted. 

has been concluded that the cost pro- 
tection the S.S. Wilson not the 
light other applicable measures, some are 
mentioned below. 


Inhibition—Inhibitors are specific their solubilities 


and mechanisms and must considered relation 
environments which they are applicable. However, 
was determined that results obtained 
exposures were different from those obtained 
treatment was evaluated only that phase which 
one would normally consider functional. number 


though 
sea 
hibitor 


furt 
erally, 
has 
non- 


inherent 


which 


aut 
follows 


onl 
layed 


inhibitory treatments were considered and are dis- 


cussed below under their appropriate media. 


Cargo 


received considerable attention relation the 
tanker corrosion problem. There evidence the 
success this approach used other 


This approach has been considered acceptable 


most from the start the Wilson investigation, 
cause was recognized that almost percent the 
corrosion occurs during the cargo leg. long-chain 
carboxylic acid compound containing 
grouping available proprietary inhibitor 
ppm and price $3.66 per thousand barrels 
cargo, the Wilson can inhibited 
cost $5500. 

Table shows efficiency cargo inhibition 
term laboratory tests under variety 


Table 


Protection the order 30-50 percent 
achieved always long-term tests, the 
variation being the ease with which the be- 
came effective. Those testing techniques 
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which minimized high initial rates attack allowed 
the inhibitor become effective relatively early. The 
fact that the inhibition always became effective seems 
indicate that the mechanism intimately related 
the presence and properties protective corrosion 


ditch” 


rather than direct absorption the metal 
There are field test data available from the 
tests, verify the efficacy the treatment, because 
there are data from the pre-cargo-inhibition service. 
success the laboratory experiments plus 
reported success the field other operators 
that the inhibitor will perform adequately 
Was reasonable cost. 7-month field test another 

Ballas: 
cargo generally that inhibition large 
the amounts ballast with conventional water inhibitors 


chiomates, nitrates, silicates, polyphosphates, 
etc.) feasible economically. For instance, al- 


though one and quarter million gallons 


ice of 


sence Sea with 1000 ppm even cheap in- 
vesti- hibitor sodium nitrite would cost $10,000 annually, 
the salinity would require several times that 
further restriction, which not recognized gen- 
has been previously observed that clean ballast must 
Therefore, those inhibitors which are 
Which operate outside the range from five nine, 
ever automatically excluded from consideration. 
follows that toxic conditions the inhibition ballast 
permitted dirty ballast, i.e., under de- 
layed Butterworthing conditions, where the inhibited 
hoped find cheap, non-toxic inhibitor 
which would effective concentrations the 
order 50-100 ppm. 
from pyridine production was known 
inhibitor pickling acids and brines, 
has but was insoluble sea water. Efforts solubilize 
the the residue reaction with mineral acids gave some 
the indication that the phosphoric acid reaction product 
might effective inhibitor. Results preliminary 
usually were not reproducible and seemed 
with the manner which the ingredients the 
were added and reacted. 
was determined eventually that the orthophos- 
hain acid was itself the active ingredient. Table 
hate illustrates the efficacy orthophosphoric acid 
for inhibitor certain natural waters, synthetic sea 
tion Water and certain distilled water solutions inor- 
ganic chlorides. appears effective the range 


ppm. 


long-term cyclic tests simulating the conditions 
inthe Wilson under rotating ballast plan, 
the phosphoric acid treatment did not maintain its 


apparently due the Butterworthing. 


ons. 


2000 hours alternate sea water-atmospheric ex- 
posure. another test 1344 hours duration, pro- 
vided percent protection cycle inhibited 
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TABLE 


Efficacy Treatment Cargo 


336 672 1008 2016 
Hr. Hr. Hr. Hr. 
A. Alternate Gasoline-Ballast | 
B. Alternate Heating Oil-Ballast 
Rotating Ballast (4-way cycle) 
Blank, heating oil........... .005 .005 .005 
Inhibited gasoline.............. .004 -003 .003 ° 
Inhibited heating oil............ .004 .003 .003 Pe 
D. Simulated Ballast Tank, Normal 
Operation 
E. Simulated Ballast Tank, Delayed 
Butterworth 
TABLE 10 
Inhibition Several Waters and Solutions 
With 100 ppm Orthophosphoric Acid 
| Blank Inhibited Duration 
MEDIUM IPY IPY Hours 
Alternate seawater-atmosphere!....... .008 .004 1000 
Alternate seawater-inhibited gasoline’. . .003 1300 
Brazos River 100 
-2 percent Calcium chloride?.......... .008 .004 100 
3 percent NaCl, .5 percent MgCle, 
.009 .004 100 
Synthetic .006 .001 100 
1 One week cycle. 
2 Distilled water solutions. 
TABLE 11 


Field Test Data Wing Tanks 


low rates slack tanks absence Butterworthing, fixed 
ballast pattern during these tests 


Ballast | Slack 
Duration, Weeks Tank | Tank Remarks 
6 | .006 .006 Butterworth resumed 


gasoline-sea water. This potential application ortho- 
phosphoric acid was considered sufficient in- 
terest that patent application has been filed. 

Long term tests sodium silicate, sodium nitrite 
and sodium tetraborate failed indicate any signifi- 
cant protection concentrations high 500 ppm. 

was concluded that there was practical method 
for inhibiting ballast under the conditions operation 
the S.S. Wilson. 


Atmospheric Corrosion 


has been noted previously, the corrosion rate 
empty tank quite low provided the walls are not 
wetted between cargo and atmospheric exposures. 
This illustrated Table under “Slack-Tanks.” 
original field tests determine the efficacy 
magnesium anode installation the No. tanks, the 
adjacent No. tanks were made permanent slack tanks 
and such were restricted from both ballast and 

Table shows that the corrosion 


| 

3 

4 

Ta 

& 


rates these tanks were actually lower than the 
adjacent ballasted tanks until the Butterworthing was 
resumed. 


has long been recognized that corrosion severe 
empty tanks when they have become water-wet 
any mechanism immediately prior atmospheric ex- 
posure. Such condition inevitably encountered 
normal operation the S.S. Wilson, pre- 
viously described. was therefore considerable in- 
terest develop counter-corrosion measure com- 
bat this exposure, which accounts for some 
percent the total corrosion normal operation. 
(cf Table 3.) 

post-Butterworthing inhibited fresh water wash 
reportedly effective minimizing corrosion 
empty tanks. has described one such system 
embodying fresh water wash with alkaline per- 
cent sodium nitrite Sudbury’ has described 
similar treatment which employs soluble oil the 
sodium aryl alkyl sulfonate type the active in- 
gredient. 

Either system can applied through the regular 
Butterworthing facilities through special piping 
and nozzle installation. the latter case, the inhibitor 
costs are low because relatively small volume 
solution can circulated from tank tank, has 
not been established definitely that such installa- 
tion, with its high initial cost, economically superior 
using the Butterworth equipment and washing with 
larger volume inhibited water made forward 
peak tank cofferdam. rough estimate for either 
installation might six eight thousand dollars 
annually. 


Laboratory screening tests indicated that alkaline 
nitrite, alkaline chromate and soluble oil solutions 
fresh water might effective spray inhibitors against 
atmospheric corrosion. The use the proprietary 
water-dispersable sulfonated oil was selected show- 
ing the most promise economically and being the 
easiest and safest material handle and mix. 


was anticipated originally that the soluble oil 
inhibition would handled inhibited fresh 
water spray installation. However, estimate the 
installation cost gave figure the order $50,000 
—plus small annual expenditure for the inhibitor. 
The use the Butterworthing equipment became 
interest. 


During the course the investigation, developed 
that although the soluble oil could not dispersed 
salt water even concentrations 0.1 percent, the 
material could solubilized fresh water and in- 
jected into the seawater, 20-25 
percent fresh water solution, 
such quantity give the de- 
sired final concentration. Labora- 
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clean steel coupons less than .0005 IPY 
with blank .0070 IPY for the untreated cycle, 


Subsequent tests were conducted cycle ey. 
posure simulating conditions tank restricted 
slack duty only (i.e., inhibited cargo phase, Butter. 
worth and atmospheric exposure). Duplicate test 
posures were made for the first 1000 hours. the 
this period, when all specimens were effectively 
scaled, the Butterworthing operation one the 


flasks was changed embody inhibition with 


ppm soluble oil-injected from percent fresh 
water solution into the sea water wash. 


the flask which inhibitor was used, ‘he 
rosion rate was .0070 IPY after two weeks’ exposure 
dropping .0050 IPY 1000 hours and remaining 
for the duration the 2000-hour test period. the 
duplicate flasks, identical results were obtained for 
the first 1000 hours. this point, the inhibite spray 
Butterworth was initiated the second flask 
corrosion rate dropped .0035 IPY the 
test period. 

Use inhibited spray the injection 
fresh water solution soluble oil inhibitor 
into the hot sea water Butterworthing stream been 
initiated the S.S. Wilson and currently 
under evaluation field corrosion tests. 
metering pump, mixing tank and requisite piping 
cost the order $5000 installed. The ibition 
450 gpm sea water with 1000 ppm soluble 
worth amounts sufficient Butterworth 
half the wing tanks those discharged dirty 
ballast) will add about $2000 annually. 

anticipated that this treatment, conjunction 
with the cargo inhibition, will decrease the overall 
rate corrosion the wing tanks approximately 
percent. 


the 


Economics—It seems pertinent this time review 
the efficacy and cost the individual treatments 
sidered. From the previous discussion will seen 
that coatings, dehumidification and de-aeration can- 
not reasonably considered. The choice then 
narrowed cargo inhibition, spray treatment and 
cathodic protection some combination these 
measures. 

Protection derived can estimated from the 
duration and severity each phase exposure 
the cycle operation and from the efficacy the 
proposed countermeasures. example such cal- 
culation given Table 12. 


TABLE 12—Calculation Effectiveness Counter Corrosion Treatments 
Conditions: Four-way cycle rotating ballast plan, with dirty ballast discharged stort 


ballast slack tanks are water-wet. 


tory tests indicated that 1000 ppm 


duration, the joint use cargo inhi- 


of soluble oil was an effective spray Exposure | Severity Percent tion! Treatment Percent Inh, 
inhibitor under these conditions. Wet .0025 Inhibited Spray 


bition, sodium sulfite the ballast, 


Percent Protection = (.0078—.0020) x 100/.0078 =70 percent? 


plus soluble oil-inhibited seawater 


Butterworth, held the corrosion 
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2 Note: 


Corrosion without treatment. 
This is maximum protection to be derived from combined cargo inhibition and spray t-eatment 
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estimate may made the future costs re- 


pairs the total absence countermeasures and 
the gross annual savings for each increment cor- 
protection, first approximation, has been 
that each percent corrosion protection 
for the S.S. Wilson equivalent gross 
annual saving $1000. 
For normal operation rotating ballast pattern, 
the following cost data have been derived— 
Cargo Inhibition—50 ppm inhibitor 
$3.00/1000 bbl. 64,000 bbl. trips/yr. 
$5400/yr. 
Inhibited Spray—1000 ppm soluble oil 
Buiterworth 
$60 trips/yr. $1600/yr. plus $5000 ini- 
installation, $2100/yr. for year write-off. 
Cathodic Protection— 
Initial installation, tanks 
54,000 
$135,000 
that any given measure percent 


which 
field test results, the several treatments may 


line with both laboratory and 


Treaiment Percent Protection Annual Cost 
Cargo inhibition 5,400 
Inhibited spray 2,100 
Cathodic protection 13,500 
inhibition 

plus inhibited spray 7,500 
Cathodic protection 

plus inhibited spray 15,600 
protection 

plus cargo inhibition 18,900 


evident that the combination cargo inhibition 


spray the logical choice for the con- 
ditions operation for the S.S. Wilson. 


believed that the delayed Butterworthing tech- 


nique impractical because the objections pre- 


viously discussed. However, calculation similar 
the above will select cargo inhibition over cathodic 
protection even for fixed ballast pattern, which 


the cathodic protection costs are reduced because 


the lesser number wing tanks carrying the anode 
installation, 
estimated that the percent protection an- 


from the combined cargo inhibition and spray 


The net annual saving will the order 


Conclusions—Under the conditions operation 
the T-2 tanker, the S.S. Wilson, the following 
conclusions may drawn from the data hand. 
annual direct costs corrosion will 
the order $125,000 per year during the next 
10-12 years. 
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operating conditions. 

The total corrosion effects and the appropriate 
remedial measures are profoundly affected 
variations the distribution ballast, its toxicity 
requirements regards marine life and the 
frequency and timing the cleaning operations. 

most economical and practical approach 
the problem consists rotating ballast pattern 
and the joint use cargo inhibition and in- 
hibited sea water spray. 

net annual saving the order $65,000 

anticipated. 

extensive field test program required 

evaluate the effectiveness the proposed treat- 

ments. 

The line reasoning and certain the data, but 
not necessarily the conclusions, should ap- 
plicable other tanker ships. 

Extensive laboratory and field corrosion tests 
under wide variety conditions will required 
before knowledge the mechanisms tanker 
corrosion—and the appropriate counter-cor- 
rosion measures—will complete. 


on 


=) 
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PURPOSE this article present in- 
formation that will assistance engineers 
endeavoring recommend valves required con- 
trol the flow corrosive fluids. written sat- 
isfy numerous requests for information that can 
passed on, especially young engineers who have 
not had opportunity develop experience 
background upon which they can rely when called 
upon make these important recommendations. 
When proper consideration given the alloy 
effect various corrosion processes, and 
design for particular set service conditions, 
possible write specification for valves that 
will insure virtually maintenance-free service for 
many years. Proper consideration these factors 
for all process equipment, well valves, will ap- 
preciably decrease the wasted manpower and lost 
materials incurred many industrial installations. 


Alloy Selection Methods 


The sources descending order reliability from 
which data can obtained (in the absence di- 
rectly applicable experience) for making alloy 
recommendation can listed follows: 


Corrosion tests conducted within vessels solu- 
tion lines full-scale operating unit. 

Corrosion tests conducted within pilot plant 
built study the process characteristics. 

Laboratory corrosion tests conducted synthetic 
solutions and equipment designed reproduce 
approximate conditions that will encoun- 
tered full-scale unit. 

Corrosion test data available for materials used 
handle solutions similar preferably iden- 
tical composition, pressures, temperatures and 
velocities comparable those that will exist within 
the the unit. 

Obviously, chemical process entirely new, 
representing improvement over some previously 
employed process, designed make entirely 
new product, one the last three methods desig- 
nated will employed for selection the proper 
materials construction. When necessary 
select alloys for the construction new operation 
one these three methods, experience has indi- 
cated that corrosion tests should conducted after 
the plant starts producing determine the accuracy 
the alloy selections and also evaluate other less 
expensive alloys. Frequently, when first starting 
new unit, there period during which operating 
“bugs” must worked out, Unless desirable 
obtain data for the metal loss suffered the equip- 


ment during this period, corrosion testing should 


% A paper presented at a meeting of Southeast Region, National Asso- 
ciation of Corrosion Engineers, Jacksonville, Fla., November 4-5, 
1954. 


* Chief Metallurgist, Alloy Steel Products Company, Linden, N. J. 
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Valves for Corrosive 


Abstract 


Methods are given whereby valves for control cor- 
rosive fluids may selected. Means selecting 
suitable alloys are described, including laboratory 
and in-service tests, analogies resistance through 
consideration minor constituents and experience 
actual plant service. Case histories valve fail- 
ures from corrosion are given and analyzed. 

Detailed consideration given the 
valves and their component parts with recommenda- 
tions concerning approved designs suitable for cer- 
tain classes service. The several kinds 
connections are described and their good anc bad 
features analyzed. Details internal 
that should taken into account are itemized, Sey- 
eral valve standards are considered with 
their applicability corrosive services, The 
reports the intention the 
Standardization Society develop for 
valves required handle corrosive liquids pres- 
sures over 150 psi. 


3 
corrosive 


that does 


There 
available 


erties 


> 
rods, she 


Amer 
Casting 
modific 


solu 
carbons 


con 


q 


7 


neither 
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Aloyco 


delayed until smooth unit operation has 
achieved. 

bly which has been used successfully 
under actual plant operating conditions. Because this 
assembly installed within solution line the speci- 
mens are exposed the effect velocity, 
solution corrosivity. Dimensions the ring shown 
one end conform those given ASA 
Practice B16.5, 1953, for the raised face 
flanges. indicated, the assembly held place 
securing the ring, with gasket either 
between mating flange faces. normal exposure 
period usually days. the end this time 
assembly removed and disassembled. The 
mens are carefully cleaned and 
tion rates are then computed from weight loss, 


posure hours, exposed area and specific gravity. For 


valves provide long service life particular 
environment, desirable that they 
material that has corrosion loss rate less 


Test Rod and Bolts Fabricated 
From Mat 
Sufficient 
Duration ot 


Figure 1—Device for in-service testing materials 
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result destroying the corrosion resistance this 
sure 


the economical alloy selection may one 
not have this optimum resistance. 


Corrosion Test Results 


There are many so-called corrosion resistant alloys 
today which have good engineering prop- 


and 


are available practically all forms (pipe, 
ts, castings). These are produced with 
limits which have been established 
can Iron and Steel Institute and the Alloy 
istitute. Occasionally, will found that 
one these analyses will appre- 
environment, 
are tabulated data which show the 
modification corrosion resistance 
percent sulfuric acid plus hydro- 
maximum temperature 176 The 
nercial grades shown these data are 
and Worthite. Under these conditions, 
had the optimum resistance desired, al- 
corrosion rate computed for Worthite 
somewhat better resistance than 
The data computed for Aloyco would 


from 2.50 percent 4.00 percent could 
increase the corrosion resistance 
approximately ten times. Corrosion 
puted for another experimental alloy, 
Showed this composition practically 


totally resistant. However, the data computed for 


which with the exception the silicon 


that increasing the silicon the Aloyco 
from 1.00 percent 3.00 percent would 


TABLE 1—Corrosion Test Data 


VALVES FOR CORROSIVE FLUIDS 


F Solution: 56% Sulfuric Acid Sludge. Temperature: 45-80 C (113-176 F). Hours Exposure: 1104. 


composition the exposure conditions. all alloys 
the type included this test depend the forma- 
tion protective film for their corrosion resist- 
ance, might concluded that variations film 
compositions were responsible for the results 
obtained. 

Table also shows the effect alloy modifi- 
cation corrosion resistance intermediate con- 
centrations acetic acid containing varying amounts 
side reaction products, such methyl formate, 
formic acid, etc. Aloyco the alloy particular 
interest this group and has the following nominal 
composition 


Percent 


will observed that Aloyco virtually com- 
pletely resistant three the solutions and has 
good resistance the fourth. This alloy, being out 
balance with respect austenite and ferrite form- 
ing elements, has two-phase structure (austenite 
and ferrite). Data obtained for tests conducted in- 
termediate concentrations acetic acid (35 
percent) elevated temperatures would indicate 
that stainless Type 316 alloys, which contain per- 
centage free ferrite, have better corrosion resist- 
ance than the wholly austenitic structures, 

the use such special alloy compositions 
have been described, practical difficulties may en- 
countered. The alloy probably would available 
only the cast form and even then the number 
size castings required would have justify pour- 
ing full heat the smallest capacity particular 
foundry can produce. Many these special composi- 
tions, would found, could rolled into sheet 
drawn into bars tubes only 
with difficulty. Aloyco 31, because 
its two-phase structure, typi- 


PERCENT NOMINAL COMPOSITION 


| 
20.0 29.0 2.50 4.00 1.00 Bal. economical use wrought parts 
Aloyco 38. . | 0.0013 0.07 20.0 29.0 4.00 4.00 45 1.00 Bal. > 
Aloyco 35. 0.0000 0.0 25. 20. J 2.7, .75 Ba 
tubes this special composition. 
TABLE 2—Corrosion Test Data 
SOLUTION PERCENT 
TABLE 3—Corrosion Test Data 
| Solution: 10% Sulfuric acid, no impurities. 
Solution Components: 10% Sulfuric acid, plus nickel sulfide impurities. 
Methyl formate, acetalde hyde, Temperature: 1. 225 F. 
Methyl ac etate, ethyl acetate, 2. 200 F. 
4-6 1.5 Exposure Hours: 240 (Five 48-hour exposures. New solution after each 
Hours Exposure 3148 2544 5902 
Corrosion Data—Penetrati 
0.0153 0.0247 0.0000 Com- Aloyco 20... 0.0355 0.0000 
pletely Aloyco 35. oot 0.0762 0.0000 
Corroded Hastelloy B... 0.0024 | 0.7075 
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Aloyco 20 


Nickel | 
Solution Analysis Figur 
Chlorides 210 ppm 
Sodium Na........... ppm tion cell 
Figure test specimens after exposure. crevice 
portance checking the effect small percentages 
impurities corrosivity. The data for condition 
(1) were obtained from laboratory tests while those Alt 
for condition (2) were obtained from plant tests. type fail 
Upon reviewing these data becomes clear that had ditions 
results Exposure (1) been used guide for 
alloy selection then Hastelloy would have been 
selected. The table shows also that under plant con- 
ditions (Exposure this alloy was most severely 
attacked, These tests indicate that nickel sulfide 
percent sulfuric acid will inhibit attack the 
The data Table serve emphasize the impor- not 
observed that stainless Type 316 (2-3 percent molyb- 
denum) was completely resistant the solution con- 
ditions, while stainless Type 304, which does not The 
contain molybdenum but otherwise has the same varyi 
composition, showed very high corrosion rate, 
These data also show the importance conduct- 
ing adequate corrosion tests that otherwise Aloyco 
may have been selected for the service. had Figure 4—Effect crevice corrosion. 
been, premium alloy would have 
been chosen for service which TABLE Test Data 
it actually 1s not required, Figure Solution: Chlorides as Cle..... 210 ppm Nitrates as NOz....15 ppm _ = 
Is Sulfites as SO2..... .472 ppm FreeSasS........ 2 ppm 1. Valve 
shows the condition the speci- Sulfates ppm Iron ppm 
Sodium as Na....... 45 ppm _ 
mens after exposure. 
Temperature: 150-200 the hea 
Exposure Hours: 1320 
ticuls 
Figure shows valve gate disk PERCENT NOMINAL COMPOSITION 
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conform that the pipe are used. 
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Figur: 5—Pitting corrosion, Type 304 valve bonnet gasket. 
and the circumference the waterway. 
loss which occurred below this deposit 
crevice-corrosion type phenomenon. 

shows the end flange gate valve 


cause gasket design, was exposed 
rrosion. will observed that the 
used this end flange was cut con- 
the pipe. The crevice thus formed 


sediment and corrosion product accum- 


The me! 
tion cell 
which, 
crevice 
the 
form 
permitte 
ulate the faces and crevice attack prog- 
ress. Although there may tendency toward this 
type failure connections under some solution con- 
ditions, severity can materially reduced, 
many cases eliminated, gaskets having 


Figure example another type failure 
sometimes found gasket joints stainless steel 
valves, will found more severe when the alloy 
does not contain molybdenum. The gasket shown 
was taken from stainless Type 304 valve which 
had not been service. analysis the gasket 
material showed chlorides, sulfates and some free 
Each the areas which appears black the 
photograph had the characteristic iron-rust color. 
The metal surfaces opposite these areas were pitted 
varying degrees, some deep 


Design Valve Components 
Following are described each the components 
used the assembly corrosion resistant valves. 


Also presented are reasons for selecting specific 
designs. 


Body 


General. The valve body can considered 


the “heart” valve, its performance frequently 
determine either the success failure par- 
design. For valves that will required 
handle wide variety corrosive solutions, the body 
provided with suitable end connections, 
because design, aid particular corrosive process 
the solution conditions may tend promote. 

The wall sections the body should ample 


connection and seating surfaces that will not, 


provide adequate strength, which will 


insure freedom from dimensional changes when sub- 
jected to: the maximum pressure for which the 
valve designed, normal line stresses, and 
normal stresses imposed when tightening the valve 
disk disks into, opening from, the closed position. 

Threaded Connections. Threaded connections 
have not been entirely successful dependable 
leak-proof method for the assembly valves into 
piping system that will convey corrosive solution. 
Threaded connections leave crevice the inside 
the pipe where crevice-corrosion can occur. Should 
the solution being handled promote this form at- 
tack, the connection eventually will leak and 
weakened metal loss. Seal welding will serve 
improve the performance these connections 
preventing air and moisture from the atmosphere in- 
termixing with solution that may work its way be- 
tween the 


Many corrosion-resistant alloys have 
tendency gall when bearing contact. This 
particularly true for all grades austenitic stainless 
steels. When threaded connections are used for the 
assembly equipment fabricated from these alloys, 
difficulty frequently encountered attempting 
get complete thread engagement, because the threads 
will gall before this accomplished. minimize 
galling, mandatory that threads cut these ma- 
terials have the proper dimensional tolerances and 
free from rough edges and 

Most so-called dopes” have been only par- 
tially successful aid obtaining tight seal 
and overcoming the galling tendency. Some have in- 
sufficient anti-friction properties, that even when 
“dopes” are used, galling will occur. Others, al- 
though being good anti-friction compounds, leave 
film between the threads that not resistant 
the corrosive conveyed and when this material 
decomposed, loose and leaky connection results. 
The company’s experience shows the most 
successful anti-friction lubricant for threaded con- 
nection austenitic stainless steels molybdenum 
disulfide, either powder paste. 

Considering these factors, also can concluded 
that the male-female threaded connection for secur- 
ing the valve bonnet the valve body may likewise 
considered undesirable design. Should 
considered practical because size secure the 
bonnet means threaded connection, the union- 
ring bonnet construction preferred. The threads 
this type connection will not directly contact 
with the process solution. Figure shows the male- 
female bonnet connection and Figure shows the 
union-ring 

Flanged Connections. Flanged connections have 
been found most satisfactory for valve bonnets and 
piping connections. Some designs are preferred, while 
others are questionable. tabulation according 
these classifications follows: 

Preferred Plain Face, Raised Face, 
Large Male-Female, Small Male-Female, 
Lapped. 

Questionable Large Tongue-Groove, 
Small Tongue-Groove, Ring Joint. 
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Figure (Left)—Gate valve. Identification parts: Body. Bonnet. 
Wedge. Handwheel. Stem. Packing ring. Gland follower. 
Packing nut. Wheel nut. 10. Packing. 11. Identification plate. 


Figure (Right)—Needle valve. Parts identification: Body. Pack- 

ing nut. Handwheel. Bonnet. Stem. Gland follower. Pack- 

ing nut lock nut. Union ring. Handwheel nut. 10. Seat. 11. Pack- 
ing. 12, Identification plate. 


Figure shows the constructions these flange 
designs. 

Qualifications for each design can summarized 
follows: 


Plain Face: soft compressible sheet gasket ma- 
terial (asbestos, rubber, Teflon, etc.), cut cover 
the entire facing between the flange and 
used seal the joint between the flanges this de- 
sign. Because relatively low compressive force 
per unit gasket area, compared other designs, 
full-face metal-jacketed spiral-wound gaskets are 
not successful when used with this type. Provided 
gasket material resistant the corrosive em- 
ployed and the gasket and pipe are the same, 
flanges this design provide smooth, continuous 
waterway connection. This freedom from crevices 
pockets, which sediment corrosion products 
may accumulate cause concentration cell corro- 

The gasket surface this design machined with 
phonographic finish having serrations appoxi- 
mately .007-inch deep. This also will true for 
flange facings subsequent designs when soft gas- 
ket materials are used. 


Raised Face: Flanges this design have all the 
merits the “plain flange, plus the added ad- 
vantage being suitable when employing relatively 
hard gasket materials, When properly tightened, the 
compressive force developed per unit gasket area 
will permit the use metal-jacketed spiral-wound 
gaskets between flange faces machined with 
smooth finish. 
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PREFERRED DESIGNS 


PLAIN FACE 


LARGE MALE @ FEMALE 


QUESTIONABLE DESIGNS 


LARGE TONGUE & GROOVE 


SMALL TONGUE 


RING JOINT 


Figure 8—Preferred and questionable flange designs. 


Large and Small Male-Female: The remarks made 
for “plain face” and “raised face” flanges also apply 
flanges these designs. From safety 
for some high-pressure conditions these flanges would 
probably preferred, for gasket failure occurs 
because decomposition, there would 
slight possibility that high velocity stream would 
flow directly from the flange joint. will ob- 
served that when gasket proper thickness used 
the contact surface the male flange will below 
the outer face the female flange. Also, obvious 
that this construction will reduce the possibility 
gasket blowing out. 


Lapped: The lapped flange with stub end will form 
connection when bolted another lapped flange 
with stub end, raised face that will prac- 
tically identical that formed two 
flanges. Both hard and soft gasket materials can 
used seal the connection. crevice will not exist 
the joint when the gasket cut 
that the pipe. 


Large and Small Tongue Groove: Gaskets 
tically all types can used with these flange 
signs. Although their construction will con 
retain the gasket, they have the objection, 
finally made up, leaving crevice gap 
the flanges width equal the final compressed 
thickness the gasket. For handling corrosive 
where known crevice-corrosion can develop, 
these flange designs should avoided. not 
corrosive media high temperatures and 
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VALVES FOR CORROSIVE FLUIDS 


RENEWABLE SEAT INTEGRAL SEAT 


Figure (left) and integral (right) seat designs. 


CORED WEDGE SOLID WEDGE 
Figure 10—Principal gate valve disc designs. 


with the use metallic gasket, they 


Ring Joint: Ring joint flanges were designed orig- 


inally for application high-temperature, high- 
pressure piping systems required convey non- 


media. They are rarely used low-pressure 


piping systems that convey corrosive solutions, 
because their application limited the availability 


metal ring-gaskets proper hardness and ade- 
corrosion resistance. Ring-joint flanges also 


have the objection leaving gap (where crevice- 
can occur) the flange joint when finally 


made up. The width this gap important con- 
sideration the design these flanges. 


Body Seats. Valve bodies designed for corrosive 


have seating surfaces which are integral 


with the body. The mechanical desirability the 
renewable seat ring design has been sacrificed 
valves required handle corrosive fluids, because 
resistance must given preferred consid- 
eration, Renewable seat rings have been found unde- 
sirable 


Threaded connections most corrosion re- 
alloys will gall before the ring tight. 


The renewable feature frequently lost be- 
cause the ring cannot removed without 
damage the threads after the valve has 
been service for some time. 


that will tight under all operating condi- 
tions, because the ultimate effect pressure, 
temperature and the wetting penetrating 
properties various solutions cannot suc- 
cessfully anticipated. 


Failure the valve provide complete shut- 
off can result from corrosive action the 
crevice formed between the seat ring and the 


body. 


one alloy which has the most satisfactory 
resistance. 


When dissimilar alloys are contact and ex- 
posed some solutions that serve electro- 
lytes, corrosion the less noble alloy will 
accelerated galvanically. 


Figure shows the removable seat ring and in- 
tegral seat constructions. 

When solutions are handled which contain abra- 
sives that cause scoring the seating surfaces, the 
writer’s company’s experience would indicate that 
hard facing these surfaces not always the solu- 
tion. Valves the globe design, having disks 
with Teflon inserts, have been found most satisfac- 
tory. Upon seating the disk this design, the abra- 
sive particles will imbed the Teflon without caus- 
ing either damage the metal seating surface 
inability effect tight closure. 


Valve Disks 

Gate Valves. The disk, gate wedge these 
valves can either the two-piece one-piece con- 
struction. There are two principal double-disk de- 
signs—the double wedge and the ball and socket 
wedge—used valves required handle corrosive 
fluids. Figure shows these constructions. The 
double wedge composed two disks each having 
identical dimensions and shaped like cupped hand. 
When installed, they are placed back back that 
the machined faces will contact the body seating sur- 
faces the closed position. groove, the top 
each disk, machined fit milled slot the stem 
foot from which each suspended. This design has 
the objection being susceptible wear the 
stem connection and excessive wear will permit 
either one both disks become 

disk design, which the writer believes bet- 
ter than the above, the ball and socket type. One 
disk has ball machined the back, which, when 
the assembled position, will fit into socket ma- 
chined the back the second disk. This design 
will permit considerable wear both the disk holder 
and ball and socket joint without either disk becom- 
ing disengaged. also has advantage over other 
designs that the disks are free rotate and will 
not seat along identical surfaces upon repeated clos- 
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ure, Experience would indicate also that the ball and 
socket wedge has far less tendency cause galling 
the seating surfaces. 


also shown Figure 10, the one-piece disk can 
either solid-wedge cored-wedge design. 
each the body seats valves employing wedges 
this type mostly commonly machined 
angle degrees the vertical axis the valve, 
disk faces are machined form included angle 
degrees. The solid wedge used valves re- 
quired handle solutions that not have entrained 
solids which may settle the pocket beneath the 
seating surfaces and thus interfere with full travel 
the gate. The cored wedge, however, will perform 
satisfactorily when this pocket contains accumu- 
lation solids, because the two rather narrow lips 
the bottom the disk will cut into the solids and 
force them into the cored out area within the wedge. 
When the valve opened, turbulence will wash 
away any solids the wedge may have retained. Both 
designs usually are provided with “T” slot the 
top receive the stem that actuates the disk. 


Globe Valves—Angle Valves—“Y” Valves. 
Globe, angle and “Y” valves are most generally de- 
signed have the stem rotate when the handwheel 
turned perform either the closing opening 
operation. this action would result galling 
the seating surfaces the disk were integral part 
the stem, the swivel disk design These 
disks valves constructed austenitic stainless 
steels and other corrosion resistant alloys have been 
various types; namely, the modified-plug, ball- 
plug, renewable-disk and “V” port-plug. The design 
and manner seating for all four shown Fig- 
ure 11. The disk each design secured the stem 
means swivel nut machined fit over 
shoulder the stem foot. After complete thread en- 
gagement, important that the disk and swivel 
nut pinned prevent their coming apart while 
use, 


The seating surface the modified plug ma- 
chined form included angle degrees and 
the seating area reduced approximately 
that for full body seat. Experience has shown that 
this more reliable producing consistently tight 
closure with minimum handwheel tightening. 

The seating surface the “ball plug” machined 
the radius sphere while the body seat ma- 
chined angle degrees. When the plug 
the closed position, line contact will had 
around the seating surface. This usually preferred 
for handling solutions having suspended crystal par- 
ticles that may tend crystallize seating 
surfaces. 

the “renewable disk” design various non- 
metallic materials, well soft metals, can 
secured within the disk holder. Teflon, because its 
outstanding resistance broad range corro- 
sives, has been found excellent material for these 
disks. The renewable disk design will insure tight 
closure when handling solutions which contain en- 
trained solids that tend deposit seating sur- 
faces. Upon closing, solids will imbed soft disk 
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RENEWABLE DISC V-PORT PLUS 


Figure 11—Principal globe valve designs. 


material (Teflon, when used) and thus not 


interfere with obtaining tight shut-off, would 
the case with metal-to-metal seating. This design 


also will permit. use less expensive alloys which 
have borderline corrosion resistance tlie 
being handled. etched condition the seat 


will not interfere with obtaining tight shut-off, 


cause the roughened surface will imbed the Teflon 
disk. also excellent design for vacuum service. 


Still another design globe valve that varies 


what from the standard type the one 


disk, which adaptation the type 
used most motor operated flow control 


The seating surfaces the disk are 
ure 11, the disk constructed with skirt, which 


there are openings that permit closer 


control than can obtained with globe valve disks 


conventional designs. the fluid passing the disk 


would cause rotate relatively high velocity, 
valves this design are constructed with 
rotating rising stem, which will permit pinning the 
disk the stem. 


Needle Valves. Conventionally designed needle 
valves, having disk needle point integral with 


the stem, have not been entirely 


used handle corrosive fluids and when constructed 
corrosion resistant materials that tend gall. The 
relatively short service life these valves 


seating surfaces. The writer’s company has 


. . . lp 
shown Figure that this weakness 


resistant soft-seating material, such Teflon, 
will serve protect the stem seat. 


Check Valves. The most common type 
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stainless steels and other high alloys. 

Most stem designs are provided with shoulder 


back seat when the valve the wide 
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tank 
jacketed will have employed their con- 
struction disks one the foregoing designs. 

For good performance all valve disk designs 
made from corrosion resistant alloys, special machin- 
ing techniques must employed obtain surfaces 
having high degree dimensional accuracy. Seat- 


Design Details. The modified acme thread has 


employed control the directional flow fluids 
piping systems the swing-check This valve 


means arm secured the valve cap 
suitable point within the valve bonnet. The disk 
machined with flat seating surface that contacts 
similar surface, machined angle, usually de- 
grees, around one waterway opening into the body 
Should tighter closure desired for some 
onditions than can obtained with metal-to-metal 


equipped with single disk that suspended 


renewable-type disk can used. 


The second most popular check valve the lift 
ype, the use which usually confined small 
diameter piping. The disk this valve has stem 


part. The stem, which passes through 


sleeve the bonnet, controls the move- 
disk and insures proper seating. The 
most sat sfactory seating surface will produce line 


suitable 


contact. 


The another type; however, has 
used for controlling the flow 
balls are available only very 
imber alloys. Glass balls, which would 
wide range corrosive fluids, have 
ness cracking chipping easily. 


not beet 


General. Special valves, such flush-bottom 
ves, sampling valves, gauge-glass valves, 


ing surfaces must machined extremely smooth, 
free from scores and irregularities that may cause 


interfere with obtaining complete shut-off. 


Stems 


adopted standard for stems machined from 


contacts seating surface machined the bot- 
the bonnet below the packing gland. This will 


. . . 
position and will permit repacking the valve 


under pressure. The stem foot which disks 


secured machined various ways accom- 
. . . 
the particular disk design. 


Machining. Extreme care must exercised 


machining stem threads produce surfaces 


will smooth and free from tears, The un- 


threaded portion the stem, particularly the area 
that will comprise the packing travel, must also have 


smooth finish (4-8 RMS) insure obtaining 
seal when contact with the packing. 


Design Variations. Valve bonnets are two 
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Male-Female and Union Ring Bonnets. Bonnets 
having either the male-female union ring bonnet 
connections usually have threads machined the 
inside bore (inside screw) below the packing gland 
for controlling the stem movement. these threads 
will contact with the solution and therefore 
subject some metal loss because corrosion, the 
inside screw design not considered best suited for 
corrosive applications. Such modification, however, 
threading the packing nut place the packing 
between the solution and the stem thread, quite 
acceptable design (Figure 7). 

previously stated, the union-ring bonnet con- 
nection preferred the male-female design. 


Outside Screw and Yoke Bonnet. The outside 
screw and yoke bonnet, with threaded bushing 
the top for actuating the stem and flange the 
base with minimum four bolts for securing the 
bonnet the body, preferred design for all valve 
types. The two bolt bonnet flange construction 
should avoided because the hazard that would 
imposed should one bolt fail result cor- 
rosion defective material. 


Packing Glands. Packing glands all valve 
bonnets should have sufficient depth and 
permit installation standard packings that will 
produce tight seal the temperature-pressure rat- 
ings for the particular valve design. Table shows 
relationship between the stem diameter, packing 
size and minimum contact length, which has been 
generally accepted standard for corrosion resist- 
ant valves the 150, 300 and 600 psi pressure classes. 


Gland Plate and Follower. assured 
straight downward travel packing follower, the 
two-piece gland plate and follower with ball and 
socket connection between the two has been found 
very satisfactory design. Should the gland plate 
this design become cocked, because uneven tight- 
ening the gland bolt nuts, the force that could 
applied will not transmitted cause excessive 
binding the follower the packing box wall 
stem, would the case with the one-piece con- 
struction. 


Bolting. Stainless Type 303 nuts with stainless 
Type 304 bolts are representative the minimum 
alloy combination acceptable for bonnet and packing 
gland bolts and nuts. Because valve bolting not 
directly contact with the solution, bolts and nuts 
these alloys have been found very satisfactory for 
practically all conditions. Some special applications 
require that more highly alloyed bolting materials 
used. 


TABLE 5—Packing Sizes 
All Dimensions Inches 


| Minimum Packing Contact 

Lengths for Primary 

Service Rating 

Range of Valve Stem Packing |————— 
Diameter | 150 psi 


300 600 psi 


Up to 152 inclusive 

¥ to !%2 inclusive 

5% to 1 inclusive........ 
1!3g2 to 1% inclusive..........| 
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Valve Standards 

MSS SP-42 

The MSS SP-42 standard practice for flanged end 
valves the 150 class the only existing stand- 
ard specifically designed for valves used for the 
control corrosive solutions. Dimensional data are 
shown this standard for the following valve de- 
signs: Gate, Globe, Angle, “Y” Pattern Globe, “Y” 
Swing Check, Swing Check, Lift Check. 


ASA 

Face face dimensions for corrosion resistant 
flanged end valves having primary service rating 
300 and 600 psi are accordance with this stand- 
ard for ferrous valves. The face face dimensions 
for flanged end valves having primary service rat- 
ing 150 psi are also shown this standard for 
2-inch sizes and above. Even though these dimen- 
sions for sizes through 12-inches are agreement 
with MSS SP-42, the MSS SP-42 standard more 
useful for this pressure class, because this time 
the only standard which shows face face dimen- 
sions for sizes through 12-inches. Reference 
B16.10 for the 150 psi pressure class should only 
necessary for sizes over inches. 


ASA B16.5 1953 

Dimensional data for steel flanges and flanged fit- 
tings, well primary pressure-temperature rat- 
ings, are given this 

When flat face flanges the 150 psi pressure class 
are required for corrosion resistant valves, they usu- 
ally are made accordance with the MSS SP-42 
standard. The B16.5 standard used when facings 
other than plain face are desired for 150 psi class. 
The number bolts, bolt hole diameters and diam- 
eters bolt circles for 150 flanges the MSS 
SP-42 design will conform this standard. The 
thickness only MSS SP-42 flanges will 
variance. 

This extra flange thickness required for the special 


facings this standard will not change the face 
face dimensions for 150 valves given 
SP-42. The extra metal added the back the 
flange. 


API 600 

This standard quite generally used for the produc. 
tion corrosion resistant flanged end valves that 
are usually referred Class 300 and Class 
The face face dimensions and flange dimensions 
specified are accordance with ASA B16.10 and 
ASA The minimum wall 
dimensions designated for valves each pressure 
class usually will greater than minimum metal 
thickness dimensions established B16.5 for fittings 
respective size and pressure class. The mini- 
mum metal thickness represents the ASA 
plus extra amount for corrosion 
valves required handle corrosive fluids, this added 
metal does not appear justified the proper alloy 
selection made. Valves the 150 pressure class 
contructed austenitic stainless steels other 
high alloys are rarely ever made the 
this standard. 


General 

Ultimately, the intent the Manuf: 
Standardization Society develop standards for 
valves required handle corrosive liquids 


using existing standards that were designed 
ily for valves required for non-corrosive services and, 
also, the necessity for taking exceptions these 
standards that the final valve design will 
satisfactorily when handling corrosive fluids. 
From the foregoing should concluded that 
understanding the materials commonly en- 
ployed resist the action corrosive fluids, well 
the mechanics various corrosion processes, 
important when developing valve designs for 
trolling the flow corrosive process solutions. 


Any discussions this article not published above 
will appear the December, 1955 issue. 
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Sulfide Corrosion Explored 


Austenitic Stainless Stress 


been 
the 


Cracking Study Approved 


The Managing Committee the Tech- 
nical Practices Committee has announced 
the tentative approval formation 
new Unit under Group Com- 
mittee The committee will study 
stress cracking austenitic stainless 
steels. 


Company Texas City has 
ated temporary chairman 
tee. was through Rog- 
the committee was formed. 

imittee has been tentatively 


T-5E Stress Corrosion 


ers’ efforts 
The 


Cracking Austenitic Stainless Steels. 


organizational meeting will held 
during the South Central Region meet- 
Houston. The meeting time has 


been set 2:00 p.m., October 18, the 


Castilian the Shamrock Hotel. 

has suggested the committee 
might start study case histories 
failures and/or review and study 
laboratory techniques concerning stress 
cracking the austenitic stainless steels. 

All NACE members interested be- 
coming working member this new 
committee are invited attend the or- 
ganizational meeting. 


Burton Nitric Acid 
Task Group Vice-Chairman 


Burton, General Chemical Div., 

Chemical and Dye Corp., Cam- 
den, has been elected vice-chairman 
Task Group T-5A-5 Nitric Acid. 
received his and degrees 
from Stevens Institute, Hoboken and 
professional engineer the 
state New Jersey. Currently 
Material Consultant with General Chem- 
Allied Chemical and Dye 
Corp. During his years with General 
Chemical has held several super- 
engineering positions, 
Besides membership T-5A-5 also 
Acid. member ASTM Com- 
mittee C-3 chemical resistant mortars 
and the High Alloy Steel Committee 
Welding Research Council the 
Engineering Foundation. 


Completed 
Corrosion Products 


Roebuck, Continental Oil Co., 
Unit Committee T-3B Identification 
Corrosion Products has announced the 
completion five bibliographies. They 


Corrosion Products Titanium, 
Steel, Iron and Steel, 
and Tin. 

committee anticipates that bibli- 
the following will com- 


the near future: magnesium, 


TENTATIVE SCHEDULE 
SOUTH CENTRAL 
REGIONAL MEETING 


Houston, Texas, October 18, 19, 20, 21, 1955 


Committee 


T-1 Corrosion in Oil and Gas Well Equip- 
ment. All Day Tuesday 
T-1C Sweet Oil Well Corrosion. 
Wednesday 
Sour Oil Well 
Wednesday 
Fundamentals of 
A.M. Thursday 
T-1H Oil String Casing Corrosion, 10:00 A.M. 
Wednesday 
Oil Field Structural 
A.M. Thursday 
Inhibitors for Oil and 
1:30 P.M. Wednesday 
Ribbon Anodes, 9:00 A.M. 
Anodes for Impressed Currents. 
P.M. Tuesday 
Minimum Current Requirements for 
Cathodic Protection. 9:00 A.M. 
Wednesday 
Standardization of Procedures for 
Measuring Pipe Coating Leakage 
Conductance. 1:30 P.M. Wednesday 
Internal Corrosion of Product Pipe 
Lines and Tanks. 9:00 A.M. Wednes- 
day 
Wrappers for Underground Pipe Line 
Coating. 1:30 P.M. Tuesday 
Prefabricated Plastic Film for Pipe 
Line Coating. 1:30 P.M. Wednesday 
Identification of Corrosion Products. 
1:30 P.M. Tuesday 
Water Meter Corrosion. 
Tuesday 
Sulfide Corrosion at High Tempera- 
tures and Pressures in the Petroleum 
Industry. 9:30 A.M. Wednesday 
Corrosion by Cooling Waters, South 
Central Region. 1:30 P.M. Wednesday 
T-6A Organic Coatings and Linings for Re- 
sistance to Chemical Corrosion. 9:00 
A.M. Tuesday 
Protective Coatings for Resistance to 
Atmospheric Corrosion. 9:00 A.M. 
Wednesday 
Protective Coatings in Petroleum Pro- 
duction. 9:00 A.M. Thursday 


1:30 P.M. 


T-1D Corrosion, 8:30 A.M. 


T-1D-1 Corrosion. 9:00 


T-1J Plastics. 9:00 


T-1K Gas Wells. 
T-2A-2 
T-2B 


Tuesday 
1:30 


T-2C 


T-2J 
T-2K 
T-3B 


T-4F-1 1:30 P.M. 


T-5B-2 


T-5C-1 


T-6B 


T-6E 


aluminum, chromium, nickel, copper, 
zinc, silver, lead and molybdenum. When 
all bibliographies are complete they will 
compiled and published report 
the committee. 


Directory Committees 
Included Yearbook 


directory technical committees 
included the 1955 NACE Yearbook 
which was mailed all members the 
association July. Included the com- 
mittee directory are the names, designa- 
tions, scopes, officers and personnel 
each committee. 

Any NACE member not now active 
but who would like join one more 
committees invited study their scopes 
and communicate with the chairmen 
those which interested, 


Corrosion magazine’s abstract section in- 
cludes over 1400 abstracts year. 

Five Technical Committee reports have 
been published 1955 NACE 
through June. 


Reforming Units 
Considered First 
Investigations 


Task Group T-5B-2 Sulfide Corro- 
sion High Temperatures and Pres- 
sures the Petroleum Industry, held 
organizational meeting the Jefferson 
Hotel St. Louis, Missouri May 
Twelve members and guests attended 
the meeting. Holmberg, Consult- 
ing Metallurgist, Houston, Texas, acted 
temporary chairman the meeting 
and was subsequently chosen permanent 
chairman. 

The task group originated during the 
NACE Eleventh Annual Conference 
Chicago last March. The problem sul- 
fide corrosion high temperatures was 
included the agenda the T-5B 
meeting high temperature corrosion 
and when became evident the T-5B 
meeting that many persons the refining 
industry were concerned about the prob- 
lem and the task group was assigned its 
study. 


Information Exchange Planned 

Chief function the group will 
provide means for persons interested 
sulfide corrosion high temperatures 
exchange information. While the title, 
“Sulfide Corrosion High Temperatures 
and Pressures the Petroleum Indus- 
try” indicates interest limited refin- 
ing operations, the task group recognized 
that other industries and organizations 
may wish cooperate study the 
problem. Process designers, construction 
companies, the steel industry, chemical 
companies, schools and other organiza- 
tions, who might contribute the work 
the group are invited. 

defining the problem, the group 
said the refining industry has had experi- 
ence with sulfide corrosion for many 
years. This resulted the development 
4-6% chromium-molybdenum steel 
for still tubes and other high temperature 
services. This alloy and other chrome- 
moly steels developed later, proved 
economical solutions most the high 
temperature sulfide corrosion problems 
encountered refining service. But many 
new reforming units have been built 
recent years and 1954 severe corrosion 
was found some these units. The 
corrosion was equipment contact 
with gas containing hydrogen sulfide 
high temperatures. contrast with past 
refinery experience, the chrome-moly 
steels were often attacked severely 
carbon steels. was evident new cor- 
rosion problem had developed. 


Reforming Units First 
The problem serious, not only be- 
cause metal loss, but also because 
thick, brittle, corrosion product develops 
that breaks loose and plugs equipment. 
This serious that Task Group T-5B-2 
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has decided will limit its work sulfide 
corrosion high temperatures reforming 
units. However, will draw experi- 
ence other operations and processes. 

summary the factors considered 
include: 

Corrosion has been experienced the 
temperature range 500-1200 fur- 
ther information developed, may 
necessary extend this range, but for 
the present, the problem will consid- 
ered one within the above stated tem- 
perature range. 

The problem has developed equip- 
ment operating above 200 psi. 

The effect pressure has not been 
established definitely, especially with re- 
spect partial pressures. 

There evidence that the corrosion 
occurs hydrogen sulfide concentrations 

The corrosion has been experienced 
concentrations percent hydrogen 
sulfide volume, 

There some correlation between 
concentration and rate corrosion, but 
this not direct proportion over the 
entire range. 

Some the most severe corrosion has 
occurred streams high hydrogen. 
There definite possibility that the hy- 
drogen affects the films that are normally 


CORROSION 


cathodic protection service 


Eighteen cathodic protection 
engineers with combined 
total over 150 years ex- 
perience available serve 
you with ABILITY and IN- 
TEGRITY. 

Houston, 4601 Stanford St. 


BRANCH OFFICES 
Tulsa New Orleans Corpus Christi Denver 


CATHODIC PROTECTION 
Surveys Designs Engineering 
Pipe Lines Offshore Platforms 
Refinery and Gasoline Plant Lines 


Municipal Systems Barges 
CORROSION RECTIFYING CO. 
1506 ZORA ST. PHONE VA-7522 
HOUSTON, TEXAS 


Electro Rust-Proofing Corp. 
Engineering Division 


Corrosion Surveys 

Cathodic Protection Design 
Plans Specifications 
Electrolysis Control 


Testing 
BELLEVILLE NEW JERSEY 


Atlanta Chicago Dallas Monrovia 


Complete 
CATHODIC PROTECTION 


Systems . . . service for special ap- 
plications; water tanks and pipe 
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protective the chrome-moly steels and 
that reducing conditions might result 
the formation very corrosive phase 
contact with the metal. The effect 
hydrogen and its importance has not yet 
been established. 

The effects water and oxygen are 
being considered some investigators. 
Its importance has not yet been definitely 
established. 

There have been reports indicating that 
chlorinated solvents, lead, bromine, 
compounds, chlorides and other “stray” 
materials and associated factors may 
influencing the corrosion. 

The problem being considered 
reforming problem, but also may prove 
exist other operations involving sul- 
fides high temperature. 


May Not Recognized 

Indications are that the problem ex- 
ists many reforming units but has not 
yet been recognized because the 
have been stream for only short time 
and have not yet been shut down for 
inspection. This proved the case 
least one refinery. 

One phase the problem might 
determine why this type corrosion 
has not been serious previously refineries. 

Pressure vessels, heat exchangers, pip- 
ing, valves, heating tubes 
equipment contact with the hot gases 
have been corroded. indicated above, 
the chrome-moly steels have not been ef- 
fective, especially those containing per- 


ENGINEERING DIRECTORY 


CORROSION ENGINEERING 


SURVEYS DESIGNS SPECIFICATIONS 
Impartial Evaluation 


THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Detroit Mich. 


CORROSION ENGINEERING 
Consulting Surveys 


CATHODIC PROTECTION 


Design Installation 


Plastic Engineering Sales Corp. 
Box 1037 Ft. Worth, Tex. 
5680 


Francis Ringer Associates 


Consulting 
Corrosion 
Engineers 
Hampden Ave. MOhawk 4-2863 


NARBERTH (Suburb Phila.) 


TELL ABOUT YOUR ENGINEERING SERVICES! you offer 
neering services connection with corrosion control work 
there better less expensive way tell intere:ted 
persons about than advertising this directory. Write 
for complete information about rates and circulation. 


cent chrome and less, Even the austenitic 
steels are corroded, 
steel shows some promise but has 
vantages Refractory 
coatings may not prevent 


New Probe Evaluated 

the organizational meeting 
revealed that one company 
menting with Probe” 
Information concerning experience with 
the probe will furnished 
tests now underway are completed, Ap. 
other company operating pilot plant 
which materials are being exposed, 
These include different types coating 
Inhibitors were discussed. Most the 
inhibitors checked date have not been 
effective the elevated 
one company reported tests 
have indicated one inhibitor have 

Next meeting the task group will 
during the NACE South 
gion meeting the 
Houston, Texas, October 18- 


active the work the are 
invited the meeting. 


sion pub- 
ibstracts 


Bibliographic Surveys 
lished the NACE contain 


cording the NACE’s Abstract Filing 
System. 


SMITH 
ENGINEERING CO. 


CONSULTING ENGINEERS 
CORROSION PROBLEMS 


Mohawk 


Essex Bldg. 


Narberth, Pa. 


FRANK SPELLER 


ADVISORY SERVICE 


CORROSION PROBLEMS 


6411 DARLINGTON RD. 
PITTSBURGH 17, PA. 


WATER SERVICE LABORATORIES, INC. 


Water treatment for corrosion control in 
buildings, boilers and air conditioning 
systems. 
CHEMICAL LABORATORY SERVICES 
Consultation 
Main Offices—423 West 126 Street. NYC 


Offices Also 
Philadelphia and Washington, 


NACE members interested 
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HERE 


TRADE MARK REG. U. S. PAT. OFF. 


typical large installation Haveg pipe, valves and fittings showing simple 
support required. Haveg pipe unaffected thermal shock, seldom requires insulation. 


HAVEG EQUIPMENT 
NGS 


INSTALLED 


VALVES PUMPS 


These Haveg parts are used pumps for hot 
(104°F.) 30% Hydrochloric acid, Typical record: 
months without replacing single part. Many 
users report even longer life. 


Escape potential valve troubles buying Haveg 
y-valves and diaphragm valves which are smooth- 
molded, exactingly machined, tested the Haveg 
factory. Haveg works with you special designs! 


Processing Corrosion has been Controlled! 


Where liquids get hot and corrosive, pays consider all 
the facts about Haveg piping systems. Haveg has all the 
major ingredients for good chemical piping. Strength. Dura- 
bility. Light weight. Outstanding resistance corrosion 
and thermal shock. 


withstands rapid temperature changes and enables you 
into high range process temperatures with com- 
plete safety and proven history reliable performance. 
Haveg piping resists corrosion practically all acids (ex- 
cept oxidizing acids) and lasts for years without repairs 
maintenance. 


Haveg piping molded diameters and comes 
lengths 10’. can cut and fitted the job new 
Haveg tool makes this even simpler—ask your Haveg en- 
for details). For handling corrosive gases fumes, 


ATLANTA, Exchange 3821 CLEVELAND 20, Washington 1-8700 
DETROIT 39, Kenwood 1-1785 HOUSTON Jackson 6840 
LOS ANGELES 14, Mutual 1105 SEATTLE Hemlock 1351 
11, Delaware 7-6088 J., Westfield 2-7383 


Haveg duct made cylindrical rectangular shape with 
lighter walls. Fume hoods, bifurcators, fan housings, fit- 
tings, all are made from Haveg and give complete contain- 
ment and control corrosives. 


long story telling all about Haveg, the moldable, 
thermosetting plastic material made acid-digested asbes- 
tos and synthetic resins. Haveg both material and 
service comes from America’s first molders 
corrosion-resistant plastic equipment. can big 
200’ stack, small miniature pump part. Call the 
experienced sales engineer listed. Write for the 64-page 
illustrated Bulletin F-6 which contains size and chemical 
resistance charts, design specifications. Remember, Haveg 
logical, proven answer your design problems 
handling hot, corrosive liquids; fact, all equipment 
that must control processing corrosion. 


AVEG CORPORATION 


TRADE MARK REG. U. S. PAT. OFF. 


900 GREENBANK ROAD WILMINGTON DELAWARE 
FACTORY: MARSHALLTON, DEL. WYman 8-2276 
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Numerous Solutions Oil Well Corrosion 
Problems Are Reported Committee 


Rod failures ceased for months 
test well Oklahoma after the well’s 
pumping cycle was decreased only few 
strokes per minute comply with pro- 
ration limitation. This was reported 
Unit Committee T-1F Metallurgy 

Another member the committee has 
reported mixed tubing string tested 
Western Kansas disposal well. The 
string was service environment 
brine containing hydrogen sulfide, car- 
bon dioxide and minimum air. The 
string consisted galvanized wrought iron 
Dimetcoted H-40 (later replaced with 


PLAST 
NINGS 


guaranteed 
best years 


research! 


Only Tube-Kote plastic linings 
have the backing the world’s 
largest and experienced 
company coating plastic oil 
field equipment—since 1939! 


Only Tube-Kote has research lab- 
oratories devoted developing 
and testing plastics for lining 
oil field and chemical equipment. 
Compounding plastics done 
Tube-Kote’s own premises— 
under the immediate supervision 
Tube-Kote chemists and engi- 
neers which permits exact for- 
mulation. Tube-Kote 
plastic linings from the category 
cally compounded, multiple-layer 
linings that provide excel- 
lent protection against corrosion 
and paraffin. 


Write for literature about 
TK-2—used more than 
12,000,000 feet 
oil field pipe! 


galvanized H-40) nickel, chrome and 
nickel, When after months actual 
failure had occurred the string was pulled 
and all joints examined immediately. 
dialog survey was run and some joints 
were cut open their full length for visual 
examination and measurement pitting. 
Pitting Factor Weighed 

arrive workable pitting factor, 
the ten deepest pits each joint were 
measured and averaged. Results from the 
two methods measurement were con- 
siderably variance. Based the visual 
test the member said his company plans 
use galvanized wrought iron dis- 


modern research labora- 
tories, daily testing insures the high qual- 
ity TK-2 and all other Tube-Kote 
plastic linings. 


One the machines Tube-Kote’s ex- 
clusive compounding department. 


Pio, i 
plastics Since 


Plastic p; 
fer the oil industry ies 


Factory-traineg field 


oil areas, 


engi- 
con. 


posal wells. Other members the com- 
mittee did not agree with the choice 
cause their own experiences. 

the Kanigen process was developed 
that the high phosphorus content the 
Kanigen plating reduces its ductility 
compared with electro-plated nickel, 
reduces its resistance brittle 
which exposes the steel 


Nickel Alloy Tubing Cracks 

has been reported the committee 
that percent nickel tubing 
wells has been experiencing stress corro- 
sion cracking. The cracks are 
istically brached, transgranular and the 
longitudinal direction. Pressure stresses 
appear the major factor, Thie cracks 
are extremely fine and cannot 
with powder Magnaflux. shows 
them readily. 

The committee has discussed the pos- 
sible value copper bearing for 


marine well structures, but general 
use was not recommended. 
sistance such materials 
upon initial formation ‘ernately 
wet and dry conditions protective 
wet greater part the time; 


the rust would not protective 
instances. 


these 


new project, the has 
decided collect, correlate and 
nate data becomes available high- 
strength tubular material, 
tion, mechanical and physical 
and its performance with cor- 


rosion behavior sweet oil 
This decision was made following dis- 
cussion the committee specifica- 
tions for high-strength tubular for 
use high-pressure sweet wells 


Roebuck Named 
Vice-Chairman T-3 


Dr. Roebuck, Continental 
Co., Ponca City, Oklahoma, been 
elected vice-chairman NACE Tech- 
nical Group Committee T-3 General 
Corrosion Problems. 

Dr. Roebuck received his master’s de- 
gree from the Univer- 
sity Arizona and 
his PhD 
University Texas. 
Before joining the re- 
search staff Conti- 
nental Oil Co., was 
doing 
search work with the 
Reactor Engineering 
Division Argonne 
National Laboratories 
where engaged 
the study the cor- 
rosion stainless 
steel, zirconium and other metals ele- 
vated temperatures. 

has been member NACE since 
March, 1954 and this short time 
ence, becoming leader Unit Com- 
mittee T-3B Identification 
sion Products and will the 
the High Purity Water Symposium 
the 1956 NACE Conference New York. 

Dr, Roebuck will serve 
Group Committee T-3 until 
day the NACE Conference 


Roebuck 


The Bibliographic Survey 
for the years 1950-51 includes ab- 
and cross-indexed. 


Many 
solved 
plated 
storage 
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Abilene 
New 
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CF&I LECTRO-CLAD’s contamination control proper- 
ties compare very favorably with rolled nickel-clad 
steel solid nickel; LECTRO-CLAD much better 
this respect than many the protective coatings 
now used steel. 

These photographs illustrate some the manufac- 
turing and fabricating techniques used with 
CF&I LECTRO-CLAD. 


Many product contamination problems are now being 
with CF&I LECTRO-CLAD. This new nickel 
plated steel being used many heavy industrial 
fabrications, such tank cars, processing equipment, 
storage tanks, and many other containers for products 
that must kept free contamination dis- 
coloration. 


\ 


After plating, the material subjected rigorous adhesion 
flame tests and 180° bending test (shown here). These 
tests the nickel bond will not fail even the 


After the steel-backing material has been carefully cleaned 
and inspected, the nickel plating applied the patented 
Bart Process, This consists electro-depositing .006” 


coating pure nickel unjformly over steel surface. 


provides the only heavy industrial 
nickel plating that permits fabrication standard steel 
shop procedures. Here, manual arc welding being per- 
formed the nickel side with damage the plating. 


material subsequently worked beyond the failure point 
the steel backing itself. 


LECTRO-CLAD possesses excellent working 
for rolling, forming, flame cutting, shearing and pressbrake 
operations. special equipment needed. Extreme tension 
compression during forming will not disturb the nickel bond. 


now producing LECTRO-CLAD the form plates, 
sheets, pipe, heads and fittings. For complete details, write for 
our new Technical Manual LECTRO-CLAD Nickel Plated Steel. 


Claymont Steel Products 


Products Wickwire Spencer Steel Division The Colorado Fuel and Iron Corporation 


Wilmington, Delaware 


Abilene Albuquerque Amarillo Atlanta Billings Boise Boston Butte Casper Chicago Denver Detroit Paso Ft. Worth Houston Lincoln (Neb.) Los Angeles 
Orleons New York Odessa Oklahoma City Philadelphia Phoenix Portland Pueblo Salt Lake City San Francisco Seattle Spokane Tulsa Wichita 
CANADIAN REPRESENTATIVES AT: Edmonton Toronto Vancouver Winnipeg 


Other Claymont Products and Alloy Steel Plates Flanged and Dished Heads and Covers 
Large Diameter Welded Steel Pipe Flame Cut Steel Plate Shapes 3010 


q 
ab- 
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Some Problems Allied 


Sour Oil Well Corrosion 
Considered Group 


The West Texas-New Mexico task 
group Unit Committee T-1D Sour 
Oil Well Corrosion has reported the 
use inhibitors sour oil wells and cor- 
rosion problems associated with water 
flood projects which use sour water. One 
member reported reduction rod breaks 
one well from per month 
use commercially available inhibitor. 
Another member reported the failure 
plow steel line exposed well for 
hours bottom hole instrument test 
West Texas field. The line had been 
coated with grease type corrosion in- 
hibitor. 

Another member gave preliminary 
water flood project. bare steel line 
carrying about 1000 barrels water per 
day failed few weeks after installation. 
The water, which was sour, gave cou- 


pon corrosion rate 0.040-inch per year 
laboratory weight loss test. The 
member now testing one coat cata- 
lyzed Epon system, 

Another member reported similar 
case severe corrosion bare discharge 
line water flood project. 
liner mils thickness was pulled 
through the pipe. This remedy appears 
satisfactory, One member reported 
that the use submerged combustion for 
removing hydrogen sulfide from sour flood 
water appears giving satisfactory 
results. One member reported plans 
for putting cement lining pipe made 
gauge steel for use water flood 
project. 

Meetings held the Kansas and West 
Texas-New Mexico task groups T-1D 
emphasize the lack information cer- 
tain aspects corrosion sour oil wells. 
For example the Kansas group could not 
agree the volume well fluids which 
should used flush inhibitor into 
the well. This and other questions will 
answered the committee’s next interim 
report. 


Control Corrosion with 


Mutual Chromates 


problem when Mutual Bichromate Chromate 


maintained the proper concentration. 


cooling towers, air conditioning units, engine- 


cooling jackets, and refrigerating brines, 


metal protection virtually complete when 


the cooling water chromate-treated. 


Mutual Chromium Chemicals are 
available for prompt shipment 
from our Baltimore plant 

from distributors’ 

warehouse stocks 

throughout the 

United States and 


Canada. 


New T-3 Chairman Has 
Studied Corrosion More 


Than Seventeen Years 


Frederick Fink was appointed chair. 
man NACE Technical Group Com. 
mittee T-3 General Corrosion Prob. 
term office March this year, 
Fink currently Assistant Chief the 
Corrosion Technology Division Battelle 
Memorial Institute, Columbus, Ohio, 
has been Battelle’s 
staff since 1938 where 
has specialized 
corrosion studies. 
Much his work has 
been with the non- 
ferrous metals and 
stainless steels. 

has been active 
the Gordon Con- 
ference Corrosion 
the American As- 
sociation for the Ad- 
vancement Science, 
serving various oc- 
casions discussion leader and, 195], 
man the Corrosion Division the 
Electrochemical Society. 

Mr. Fink’s studies have 
publications covering such corro- 
sion problems the attack 
marine environment, fretting corro- 
sion, metallic corrosion flue con- 
densates and corrosion equip- 
ment. Some the corrosion 
associated with has involved work 
such places Alaska, Can- 
ada and Florida. 

tion Corrosion Engineers, the 
chemical Society and the American In- 
stitute Mining and Metallurgical 

obtaining his engineering degree 
Cornell University, devoted two 
years graduate study Germany and 
England (1935-1937). His M.Science from 
the University Cambridge (England) 
was based upon condenser cor- 
rosion problem, 


Fink 


Water Meter Corrosion 


Dircussion Scheduled 


Henke, Badger Meter Manufac- 
turing Co., Milwaukee, 
announced that Task Group 
Water Meter Corrosion will hold meet- 
ing during the NACE South Ceniral Re- 
gion meeting Houston, October 18-21, 
1955. 

Mr. Henke has outlined course 
action for the committee’s work which 
should result accumulation data 
sufficient permit learning 
the water and how 
combat it. NACE members interested 
this vital problem are invited attend 
the meeting October when Henke 
will accept applications for 
membership. may reached mail 
at: Henke, Badger Meter Mant- 
facturing Co., 2371 North 30th 
Milwaukee 45, 

lished the NACE contain 
carefully indexed and 
cording the NACE’s Abstract Filing 
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pays specify coatings 


based BAKELITE Resins 


Photo and data courtesy California Division of Highways. 


years tells quite story 


the case history how well coatings 
have protected the beautiful Bay Bridge, 
San Francisco Oakland. Since 
late 1938, with minor exceptions, finish 
maintenance coatings for the entire 
16,000,000 sq. ft. metalwork have 
been based BAKELITE Brand Phenolic 
Resins pigmented with aluminum. 
Consider the service conditions: salt- 
fog, rain, direct and reflected sun- 
light, wind and vibration, heat, corrosive 
industrial atmosphere. There’s sulphur 


with moisture bridge surfaces form 
dilute sulphurous acid. 
“Experience indicates aver- 
age 7-year (painting) cycle about right.” 
And because the war interrupted regular 
schedules, “some surfaces are about 
years overdue but not bad shape.” 
Many other case histories show the ex- 
cellent service you can expect from coat- 
ings based Resins. For list 
suppliers, and free copy our book- 
let, Resins Coatings for the 
Chemical Industry,” write Dept. 


Vinyl, Phenolic, Epoxy, and Styrene Resins for Coatings 


olic Resins 


BAKELITE COMPANY, Division Union Carbide and Carbon Corporation East 42nd Street, New York 17, 


Canada: Bakelite Company, Division Union Carbide Canada Limited, Belleville, Ontario 


The term and the Trefoil Symbol ace registered trade-marks UCC 


Four Problems Assigned 
New Study Groups 


Hoffman, Phillips Petroleum Co., 
Idaho Falls, chairman T-5A-6 
Corrosion Problems has announced the 
assignment project groups study 
four specific problems. 

Robert Pierce, Pennsylvania Salt 
Manufacturing Company, leading the 
“HF” manufacturing group. This group 
proposes investigate corrosion prob- 
lems existing kilns 600 coke 
scrubbers, neutralization systems, purifi- 
cation product handling materials, safety 
devices, gaskets used the process and 
protecting areas adjacent the manu- 
facturing installation from atmospheric 


contamination. 
Bennett, Socony Mobil Oil Com- 


PRUFCOAT New “A” Hot-Spray Vinyl Gives 
Greater Mil Thickness, Improved 
Film Density, Better Adhesion 
Lower Cost! 

Now, performance-proven Prufcoat 
“A” Series Vinyl has been adapted 
and specifically engineered for the 
modern, cost-saving technique 
hot-spray. Prufcoat “A” Hot-Spray 
gives you greater mil thickness (4-5 
mils single spray pass), im- 
proved film density (no porosity 
pinholing) and better adhesion (to 
primers and even bare metal) 
lower cost per sq. ft. surface. 


New! PRUFCOAT Odorless Chemical-Resistant 

Coatings Eliminate Chemical-Resist- 
ant Painting Odor Problems 
Prufcoat Odorless Chemical-Resist- 
ant Coatings provide high resist- 
ance acids, alkalies, and other 
chemicals. Scrubbable hours 
after application, they withstand 
extensive scouring and cleaning. 
Ideal for use confined, poorly 
ventilated areas. Suitable for appli- 
cation over wood, metal, concrete. 
wrinkling lifting old 
paints. Easy apply, and supplied 


New Fast-Dry Primer P-50 Lets 
You Over-Coat Just Two Hours! 
The famous Prufcoat Primer P-50 
now with 2-hour drying action! You 
your complete coating job from 
primer top coat just one day. 
This heavy bodied, rust inhibitive 
oleoresinous metal primer insures 
mils more thickness the 


These 
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pany chairman the group assigned 
study cracking tower corrosion. This 
group will study blistering steel, fume 
scrubbing systems, weak acids formed 
during operational fluctuations and pro- 
tection areas adjacent the alkalate 
cracking tower installations. 

Teeple, The International Nickel 
Co., Inc., heads the group assigned 
study corrosion problems the produc- 
tion agriculture fertilizer grade phos- 
phates. Using “HF” producing agri- 
culture fertilizer grade phosphates presents 
least five known corrosion problems. 
These are: hydrofluoric acid digestors, 
stripping hydrofluoric acid from the process 
streams 1400-1800 phosphorous 
pentoxide absorption towers, formation 
hydrofluoric acid and safeguarding 
areas adjacent the production facilities. 

Groves, General Electric Com- 


new Anti-Corrosion products lead the league! 


prime coat alone. Minimum surface 
preparation needed, yet there 
corrosion control. 


PRUFCOAT Mastic The Perfected 
Vinyl Base with “Gloss” 
Finish that Improves Chemical Re- 
sistance, Gives Better Appearance. 


This exclusive mastic formulation, 
based vinyl and other chemical- 
resistant resins, gives exceptionally 
heavy build cross-coat spray ap- 
plication, using conventional cold 
spray equipment. Prufcoat “Gloss” 
Mastic provides tough and sub- 
stantial coating over rough and 
hard-to-protect structural ma- 
chine areas. 


Get these Prufcoat winners, en- 
gineered and test-proven solve 
the toughest corrosion problems, 
going bat for you your fight 
against corrosion. Without obliga- 
tion, write today for complete 
information. 


PRUFCOAT 


LABORATORIES 
INCORPORATED 


Sales Office: 42nd Street, 
New York 17, 


Plant: Main Street, 
Cambridge 42, Mass. 


pany, chairman the group 
study the corrosion hydrofluoric 
acid solutions the process 
Corrosion mitigation solutions 
taining hydrofluoric Pickling 
stainless steels, Atomic Energy Com. 
mission unclassified uses the 
recovery uranium from ore and reactor 
grade fuels are proposed work for this 
group. 


Symposia Regional 
Meeting Are Sponsored 
Technical Committees 


Group Committee spons: ring the 
Symposium Oil and Gas 
and Unit Committee T-1M 
the Marine Corrosion during 
the South Central Region mecting 
Houston, October 18-21. 

Oxford, Jr., Sun Oil 
Beaumont, Texas and Jack Battle 
Humble Oil Refining 
ton, chairman and vice-chairman 
tively Group Committee T-1, ill serve 
chairman and vice-chairma: the 
symposium, Dial, The Oi! 
Company, Houston, chairman 
will serve chairman the Marine Cor- 
rosion Symposium. 

Group Committee T-2 Line 
Corrosion sponsoring Pipe Group 
Discussions held during the meeting. 

T-5C-1 Corrosion Cooling Wa- 
ters, South Central Region, will 
the Symposium Wa- 
This symposium will two 
sessions each one half day 

Unit Committee T-5B Tem- 
perature Corrosion will 
the Symposium High Temperature. 
One paper presented will special 
interest the new task group T-5B-2 
Hydrogen Sulfide Corrosion High 
Temperatures and Pressures tlic Petro- 
leum Industry. 

meetings published elsewhere this 
section CORROSION. committee 
members are urged present meet- 
ings and attend the technical program. 


Zimmerman Elected 
Vice-Chairman T-5 


Division the Food Machinery 


cal Corp., South Charleston, West 
ginia, has been elected vice-chairman 
NACE Technical Group Committee 
Corrosion Problems the Process 
Industries. 

Mr. Zimmerer has been active NACE 


ber the Kanawha Valley Section the 


association and was one the members 
instrumental its formation. 
been chairman Technical Unit Com- 
mittee T-5A Corrosion the 
ical Manufacturing Industry and 
Task Group T-5A-4 Chlorine 
they were formed. 

Mr. Zimmerer will serve 
man Group Committee T-5 the 
last day the NACE Annual 
1957. 


For the seven years 1945-51 

covered the NACE Bibli 
Surveys Corrosion there 
abstracts technical literature 
rosion. Most these include 
plete reference original publi 
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caustic soda this pioneer Swenson Evaporator shows 


You don’t have 


Preconcentrated 
caustic 
feed 


Concentrator 

(18 in. 1.0. 
approximately 

24 ft. high over-all) 


To vent condenser 


Schematic drawing pioneer Swenson 
Evaporator shown photograph. Opera- 
tors say continuous finishing easy 
control automatically and uses only 
much fuel batch finishing. 

The information the continuous caustic 
finishing unit is published through the cour- 
tesy of the Swenson Evaporator Company and 
Dr. W. L. Badger, originator of the process 
and designer of the unit. 


Preconcentrated 
caustic 
feed 


Evaporator 
(approx. 8 ft. dia.) 
Barometric 


condenser 


Dowtherm 
condensate + ex 
Storage tank 


Preheater 


Anhydrous 
caustic 


drawing present simplified 
Swenson Evaporators. these later units, 
jacketing eliminated; thermal insulation 
prevents freeze-up. 
tubes, tube sheets, shells and piping keep 
corrosion low and prevent product con- 
tamination. 


“shade” 


solid NaOH made nickel 


more... 


With good control 
rate, metal pick-up does 
not exceed parts per 
million. 


Original equipment costs 
only 1/5 much 
fired, iron pot installation 
equal capacity. 


set nickel tubes can 
finish some 17,000 tons 
caustic and costs less than 
1/2 much replace 
pots. 


Modern practice produce 99.5% 
solid NaOH continuously Dow- 
evaporators with contact 
surfaces corrosion-resistant nickel. 
Feed either 73% NaOH from 
which chlorates have been removed 
chemical reduction. 

“Shading” pots originally installed 
with the Swenson Evaporator shown, 
have never been needed. later in- 
stallations, caustic packed directly 
from the nickel storage tanks without 
“shading” final purification. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
Wall Street New York 


For further information continu- 
ous caustic finishing units, write 
Swenson Evaporator Company, Har- 
vey, Illinois. For assistance with 
caustic corrosion problems, contact 
Inco’s Corrosion Engineering Sec- 
tion. 


*Trademark of the Dow Chemical Company 


Nickel Alloys 


TRACE MARE 


Nine years commercial experience the continuous finishing anhydrous 
f the 4 
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That tank has been standing near that coke quenching 
station for twelve years, and has had the same INSUL- 
MASTIC coating all that time. No, not 
thinking re-coating it. That INSUL-MASTIC will 
probably prevent corrosion for several more years. 
You should see some painted tanks nearby, though. 
seems like they’re always being painted. 
The steam from that coke quencher can plenty 
rough this equipment, but we’ve found that thick 
coating INSUL-MASTIC just isn’t noticeably affected 
such atmosphere. The heavily reinforced asphalt 
and Gilsonite base sheds acid and alkali vapors indefi- 
Yes, for preventing corrosion your plant 
mill, sure specify INSUL-MASTIC. Here’s the INSUL-MASTIC coated tank that has 
course, have our coating work done licensed stood twelve years coke quenching vapors 
INSUL-MASTIC applicator. They’re experienced and northern steel mill. 
dependable. 


Representatives Principal Cities 


CORPORATION 7750 West 61st Summit, 
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Houston October Meeting Program Outlined 


1956 LOCAL ARRANGEMENTS COMMITTEE shown its first meeting. Left 
present are: Brink, American Viscose Corp., chairman conference coordina- 
tion; Bailey, Consolidated Edison Co., chairman ladies’ activities committee; Herbert 
The International Nickle Co., Inc., chairman printing committee; Carl Johnson, The 
Port New York Authority, chairman publicity committee; Frank Miller, Hills-McCanna Co., 
entertainment and hospitality committee; LeFebvre, Electro Rust-Proofing Corp., 
co-chairman local arrangements committee; Kemptom Roll, Lead Industries Assoc., general 
conference chairman; Kulman, Consolidated Edison Co., co-chairman local arrangements 
committee; Nelson Ehinger, Aluminum Company America, chairman hotel and meeting 
committee; Bermann, Brooklyn Union Gas Company, chairman transportation committee; 
Fitzpatrick, Co., hospitality and entertainment committee; Alton Minor, 


American Telephone and Telegraph Co., chairman registration and information committee. Not 


for the meeting were Wayne Friend, The International Nickel Co., Inc., chairman 
technical program committee, and Bailey, Johns-Manville Co., chairman exhibits committee. 


Success Program 


Names the firms contributing 
the sustaining fund for the October 18- 
meeting the South Central Region 
NACE the Shamrock-Hilton Hotel 
are follows: 

Alco, American Locomotive Co.; 

Alcoa, Aluminum Co. America; Allen 
Cathodic Protection Co., Inc.; Amercoat 
Corporation; Aquaness Corporation; 
Brance-Krachy Co.; Byers Co.; 
Cameron Iron Works; Cardinal Chem- 
ical 
Protection Service; Coast 
Paint Lacquer Co., Inc.; Corrosion 
Rectifying Co.; Corrosion Services Inc.; 
Crane Co.; 
Dow Chemical Co.; Dowell, Inc.; 
Odis Galloway Co., Inc. 
_F. Gartner Co.; General Paint 
Corp.; Good-All Electric Mfg. Co.; Gulf 
Asphalt Co.; Harbison-Fischer 
Mfg. Co.; Hercules Powder The 
Co., Inc.; Huddleston Engi- 
Co.; Humble Oil Refining 

International Nickel Co., Inc.; Johns- 
Manvil! Sales Corp.; Koppers Co., Inc.; 
Magna Texas; Maloney Co.; 
Co.; Mayes Bros., Inc.; 


(Continued Page 78) 


Entertainment During 
Houston Meeting Set 


Stegner, Tennessee Gas Trans- 
mission Co., Houston chairman the 
entertainment committee for the South 
Central Region’s 1955 meeting the 
Shamrock-Hilton Hotel has planned the 
following events: 

pool-side cocktail party and buffet, 
Wednesday evening, October 19. 

anniversary dance party and floor 
show the Emerald Room, Thursday 
evening, October 20. 

luncheon the Shamrock Room, 
Friday, October 21. 

Mr. and Mrs. Kelly are 
charge the ladies’ entertainment 
program. 


Technical Committees 
Meet Three Days 


Technical committee meetings will 
held all day Tuesday and Wednesday 
during the October 18-21 meeting 
South Central Region the Shamrock. 
Hilton Hotel, Houston. Four meetings 
will held Thursday morning com- 
plete scheduled sessions. 


Two Days Session 
Completely Filled 
Symposia 


almost complete summary the 
formal technical program given 
during the South Central Region’s meet- 
ing Houston October 18-21 has been 
released Alvin Richie, Cathodic 
Protection Service, general chairman 
the meeting. Morris, Monsanto 
Chemical Co., Texas City technical 
program chairman. 

The program follows: 


Thursday, October 20—Morning 


Pipe Line Industry Symposium, Charles 
Woody, United Gas Corp., Hous- 
ton, chairman. 

Basic Principles Involved the Use 
and Interpretation Reference Elec- 
trode Measure- 
ments Maurice 
Riordan, Rio 
Engineering Co., 
Houston. 

Cathodic Protection 
Certain Semi- 
Marine Pipelines 
Whitley, 
Tennessee Gas 
Transmission Co., 
Victoria, Texas. 

Organizing Distribu- 
tion Personnel for 
Cathodic Protec- 
tion Installation 
and Maintenance 
Uhr, United Gas Corp., New 
Braunfels, Texas. 

Results Coating Inspections 
Cathodic Protection Sprack- 
len, Transcontinental Gas Pipeline 
Corp., Houston. 


Richie 


Chemical Processing Industries Sympo- 
sium, Ashbaugh, Carbide and 
Carbon Chemicals Co., Texas City. 

Corrosion Processing Acetic Acid and 
Related Compounds, Kunkel, 
Celanese Corp., Bishop, Texas. 

Corrosion Type 347 Stainless and 
Aluminum 1100 Strong Nitric Acid 
and Mixed Nitric-Sulfuric Acids, 
Dillon, Carbide and Carbon Chemicals 
Co., Texas City. 

Use Stainless Steel Building Siding 
Fertilizer Storage, Villemez, 
Olin Matheson Co., Pasadena, Texas. 

Improved Laboratory and Field Method 
for Measuring Corrosion, Glenn 
Marsh and Edward Schaschl, Pure 
Oil Co., Crystal Lake, 


Recirculated Cooling Water Sympo- 
sium No. Forbes, Aquatrol 
Inc., Houston, chairman. 

Evaluation Cooling Tower Corrosion 
Inhibitors Charles Friedman 


(Continued Page 78) 
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Protective Coatings 
Round Table Panel— 
(Left to right), top, R. 
A. Brannon, Humble 
Pipe Line Co.; J. N. 
Hunter, Service Pipe 
Line Co.; middle, Loyd 
B. Nelson, Shell Pipe- 
line Corp.; A. L. Steg- 
ner, Tennessee Gas 
Transmission Co.; bot- 
tom, Charles Woody, 
United Gas Corp., mod- 
erator. 


Firms Contribute 
(Continued From Page 77) 


Midwestern Pipe Line Products Co.; 
The Natasco Co. 

National Aluminate Corp.; National 
Tank Co.; Non-Corrosive Products Co.; 
Otis Pressure Control, 
ing, Inc.; Tod Pazdral Pipeline Special- 
ties; Perrault Equipment Co.; Philip 
Carey Manufacturing Co.; Pittsburgh 
Coke Chemical Co.; Pipe Line Serv- 
ice Corporation; Plastic Applicators, 
Inc.; Plastic Engineering Sales Corp.; 
Polyken Products. 

Reilly Tar Chemical Corp.; Rio 
Engineering Co.; Robinson Sup- 
ply Co.; Rosson-Richards Co.; Sline In- 
dustrial Painters; Nowery Smith Co.; 
Socony Paint Products Co.; Standard 
Magnesium Corp.; The Stearns 
Co.; Thornhill-Craver Co.; Tret-O-Lite 
Co.; Tuboscope Co.; Tulsa Pipe Coat- 
ing, Inc.; Visco Products Co.; WKM 
Manufacturing Co., Inc.; William- 
son, Inc. 


Houston Meeting 
(Continued From Page 77) 


and Denman, Dearborn Chemi- 
cal Company, Chicago. 

Inhibiting Cooling Water Tower Sys- 
tems Whitney, Jr., Monsanto 
Chemical Co., St. Louis, Mo. 

Four other papers are scheduled 
given this symposium. 


Thursday Afternoon 
Recirculated Cooling Water Sympo- 
sium No, 


Oil and Gas Industries Symposium, 


corrosion rectifying systems eliminate 
leaks caused corrosion immediately. one case, 
pipe line was given the positive protection 
“CORECO”-designed system. Corrosion leaks dropped 
from peak one year the next year. There 
has not been leak since the system was installed. 


The operating the pipe line more than 
offset the investment for better protection with profitable 
savings maintenance, labor and loss product. 


Learn free charge how you can eliminate your 
corrosion problems. Write, describing your problem, to: 


*Company name file 


Oxford, Jr., Sun Oil 
mont, Texas: 

Iron-in-Oil Technique 
Walker and Reed_Robertson, 
tional Aluminate Co., Chicago, 

Report Some Metallurgical 
tions for Materials Control 
rosive High Pressure Wells, 
Morton, The International Nickel Co, 
Inc., New York. 

Cathodic Protection Oil Well Cas. 
tection Service, Houston. 

(Electroless Nickel Plating), 
Paggi, Alco Products, Beaumont 
Texas. 


Protective Coatings Symposium, 
Sharpe, Napko Paint and Varnish 
Works, Houston, chairman: 

Roundtable: Charles mod- 
erator; panel members, Stegner, 
Tennessee Gas Transmission 
Houston; Russell Brannon, 
ble Pipe Line Co., Houston: 
Hunter, Service Pipe Line Co.. Tulsa, 
Okla., and Lovd Nelson, 
Pipeline Corp., Houston. 


Friday, October 21—Morning 

Corrosion and Inhibitor Symposium, 
Norman Hackerman, University 
Texas, Austin, chairman. 

Laboratory Method for the 
tion Oil Production Corrosion 
hibitors David Boies, National 
Aluminate Corp., Chicago. 


Corrosion Investigations Related 


sorption Studies Nathan, The 
Texas Co., Bellaire, Texas. 

Riggs and Sudbury, Continental 
Oil Co., Citv, Okla. 

Control Developed Water 
Svstems Hatch, Calgon, Ine, 
Pittsburgh, Pa. 

Inhibiting Corrosion Steel, Aluminum 
and Magnesium Ex- 
posed Brines George Best 
and McGrew, Mutual 
Division. Allied Chemical 
Corp., Baltimore, Md. 


Utilities Symposium, Charles 
man, Southwestern Bell Telephone 
Co., Dallas, chairman: 

Use Copper Sulfate Half-Cells 
Charlie Mercer, Southwestern Bell 
Telephone Co., Houston. 

Corrosion Mitigation Metropolitan 
Areas—Benefits from Cooperative 
Planning, Installation and Operation 
Inc., New York, 

Telephone Cable Corrosion Problems 
Elley, Southwestern Bell 
Telephone Co., San Antonio, Texas. 


Marine Corrosion Symposium, 
Dial, Jr.. The Pure Oil Co., Houston 
and Grosz, The California Co, 
Harvey, La., co-chairmen. 

forms, Edwards, Superior Oil 
Co., Houston. 

Structural Design for Offshore Cor- 
rosion Control, Stauffer, Hum- 
ble Oil and Refining Co., Houston. 

Economic Considerations 
Control Offshore Drilling Pro- 
ducing Equipment, Blount, Mag- 
nolia Petroleum Co., Dallas. 

Plastic Coated Magnesium 
Douglas and Schrieber, The 
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“NO-OX-ID BEATS BRINY PROBLEM” 


There environment nature more corrosive 
iron and steel than sea water. That’s why proper 
protection undersea pipeline installations 
vitally important. The line must sufficiently 
shielded withstand continuous bath brine... 
not for weeks months, but for many years. 

Dearborn’s specification materials give 
underwater carrier lines complete protection—the 
kind protection they need for long-term, uninter- 
rupted service. 

This 10” pipe was mill coated with NO-OX-ID 
6X, No. NO-OX-IDized Reinforced Asbestos 
Wrapper, NO-OX-ID Service Coat No. and kraft 
paper. The joints were then protected with 
NO-OX-ID and NO-OX-IDized Wrapper, fol- 


For Long-Term Pipeline Protection 


NACE NEWS 


lowed application Rock Shield, banded 
over the entire surface. 

Brine-resisting only one many 
NO-OX-ID coating and wrapper combinations. 
Others provide protection against abrasion, soil 
stress and moisture absorption...and insulate 
against electrolytic action. Whatever your pipeline 
protection problem—there NO-OX-ID Coating 
Combination the job...under ground 
under water. 

Whether applied hand...by Traveliner...or 
the mill, NO-OX-ID Combinations are your best 
assurance lasting pipeline protection. your 
next job, take advantage Dearborn’s experience 
—ask for recommendations. 


CHEMICAL COMPANY 

Mart Plaza, Dept. Chicago 54, 

| 0 Please send me complete information about NO-OX-ID 

| © Have a Dearborn Pipeline Engineer call 
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Elwell Address Permian Basin Tour 
Session October 13; Program Revealed 


president the administrative division, 
The Western Company, Midland, Texas 
will speak “Corrosion Engineers 
Corroded Engineers” during the Per- 
mian Basin Section’s Sixth Biennial 
Corrosion Tour. His address will 
the night October 13. Joseph 
Rench, Napko Paint 
and Varnish Co., 
Houston, will speak 
October the 
subject “What Paint 
Ain’t.” 

The corrosion tour, 
scheduled cover 
square mile area, 
opens Wednesday, 
October 12. Hotel 
reservations are be- 
ing 


Elwell October 


INTERNATIONAL 


MARINE PAINTS 
FOR ALL TYPES 


MARINE EQUIPMENT 


the early start needed the morn- 
ing October 12. Nightly discussions 
the day’s tours will held. 

Space for exhibits the 
room the Lincoln Hotel Odessa 
available $30. The fee includes 
6-foot table. Exhibits will set 
the afternoon October and re- 
moved the afternoon October 14. 

special request has been made 
registrants the exhibits chairman who 
asks visitors not touch the exhibits 
and keep all knives, files and electric 
sanders pockets. 

Registration fee $20 includes air 
conditioned busses, barbecue, lunches 
and tour report booklet. Pre-registration 
may made with Kemper, Per- 
mian Enterprises, Inc., Odessa, Texas. 


Tentative Program 
Thursday, October 


1-5 pm—Registration. 


Known and used throughout the world. 
Consult your painting problem. 
Literature sent upon request. 


Paint Inc. 


West St., 


STOCKING 


linden Ave., 
San Francisco, Cal. 


AGENTS 


1145 Annunciation St., 
New Orleans, La. 


ALL 


ODESSA, TEXAS’ downtown section. 
Hotel, headquarters for the Sixth Co. 
rosion Tour upper left. The Permian Basin 
radiates 200 miles about Odessa which 28% 


feet above sea level. October weather can 


expected provide warm, sunny days 
nights. The city, entertainment for 
wide area has many restaurants, and 


Wednesday, October 


7-8 am—Registration. 

8-8:30 am—Welcoming addre 

8:30 am-5 pm—Field Tour, 

followed talk “What Paint 
Joseph Rench. 


Thursday, October 


am-5 pm—Field Tour. 

8-9:30 pm—Discussion 
followed talk “Corrosion 
Corroded Engineers?” 
Elwell. 


Friday, October 


am-Noor 
Noon—Barbecue. 


hibits, 
gineers 
Charles 


Water Treatment Talk 
Given Before Persons 


The August meetin 
Basin Section was attended 


mately sixty-five members 
Gene McKenzie Continenta! Prod- 
ucts Company, Odessa, Texas, spoke 
the subject “Fundamentals Water 
Treating.” 

More than 1400 copies Corrosion 
mailed monthly addresses outside the 
United States. 


ERRATA 
1955 NACE YEARBOOK 


Reproduced here are corrected versions 0 


listings in the 1955 National Association 0 
Corrosion Engineers’ Yearbook. Persons whe 
have copies of this book may wish ‘o inser 
these corrections in their copies: 

TATOR, Kenneth, Kenneth Tator A-sociates 


2020 Montour St., Coraopolis, Pa. 


KNEEDLER, Hugh A., Maloney Electric Com: 


pany, St. Louis, Mo. 

Page 55, under the heading 
mittee T-2E” the following are correct officers 
CHAIRMAN: Ivy Parker, Plantat Pipe 

Line Co., Box 1743, Atlanta, Ga. 
VICE-CHAIRMAN: A. W. Jasek, Hum "le Pipe 


Line Co., Drawer 2220, Houston, T: xas. 


Page under the heading “U: 
mittee T-2F”’ the following are correct »fficers 


Maintenance Co., Box 186, Odessa, ‘exas. 


Co., Box 1509, Midland, Texas. 
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NACE NEWS 


new services from 


PIPE LINE ANODE 
CORPORATION 


ANACONDA 
OAK RIDGE, TENN. meeting NACE CATHODIC PROTECTION 
section chairman, left; LaQue, ABLES 
speaker, middle and Wm. Manly, right. Cable designed for 


and chilly Simulating Service Cable stranded flexible conductor, 
Conditions Recommended sheath overall. This superior cable designed for 
The futility trying exactly corre- direct burial application corrosive soil areas... combines 
the results accelerated corrosion the polyethylene and Densheath jacket assuring longer life 
with experience was underlined economical, easy handle and minimizes mainte- 
LaQue, vice-president and man- nance problems. 
the Development and Research 
hibits, The International Nickel 
and Interpreting Corrosion 
was heard about members 


guests the meeting Oak Ridge. 
Oak Ridge National NATIONAL CARBON’S 


Manly, 


Laboratory, Metallurgy Division, was TYPE GRAPHITE ANODE 
Charles 
Mr. LaQue stressed the importance new impressed-current cathodic protection 
all-out effort the corrosion in- graphite anode for use wherever you need opti- 
conduct corrosion mum current distribution low cost. excel- 
under conditions which simulate 
osely possible the actual service distributing anode for the protection 
for the metal alloy being metallic sheathed cable, bare pipe and water 
tested. also touched the effect storage tanks. Light and easy handle, 
corrosion, the consequences tional” Anodes Type are inexpensive 
accepted salt spray test install. 


Permian metals. 
Fall for the section include 


as, spoke Company, Inc. corrosion 
the and fabricated equip- 
iment, 


tough vinyl plastic wrap resist 
abrasion above below the ground and 


prevent corrosion. This pressure-sensitive 


adhesive sticks tight and holds. new green 
corrosion-inhibitor built the adhesive. Can 


University 


versions five-day Short Course Corrosion thicknesses: mils and mils 
who given September 12-16 St. 


The course, sponsored Uni- 
College and the School Engi- 
Washington University with 
the National Association 


Com- Corrosion Engineers, covers wide THE ABOVE ITEMS ARE STOCK 


Enrollment limited 100. Registra- 
tion Pipe made advance must accom- 
$10, applicable later the LINE ANODE 


vas. 
University College, Room 102, 
available $2.50 daily BOX PHONE CHerry 2-6214 
nal Pipeline en’s dormitories, 


‘exas. 1 
June, 1955, Page 79. 


MANUFACTURERS 


HIGH QUALITY ANODES 
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1955-56 Chicago Section 
Program Outlined 


tentative program for the remainder 
the 1955-56 year has been prepared 
Chicago Section follows: 

Sept. 20—Ladies’ night. Bakelite Corp. 
film “Flight Into the Future” will 
shown, 

Oct. 18—Burke Douglas, Dow Chemi- 
cal Co. will speak “Development 
Galvomag Anodes and Their Uses.” 

15—C. Munger, Amercoat 
Corp., will discuss “Good Structure De- 
sign Aids the Battle Against Corro- 
sion.” 

January 17—C. Samans, Standard 
Oil Res. Lab., will discuss “Corrosion 
Measurements.” 

Feb. Fontana, Ohio State 
University, sponsored The Duriron 
Co., will present talk titled “Various 
Approaches Corrosion Problems.” 

Glass, Pure Oil Co. 


CORROSION 


corrosion 


PROBLEMS 


Acid - handling valves — 
rubber and Plastisol lined 
and plastic type valves. 


NATIONAL ASSOCIATION CORROSION ENGINEERS 


will discuss “Survey Pipeline Coating 
Practices and Protection Costs.” 

Apr. 17—E. Moorman, The Inter- 
national Harvester Co., will speak 
“Economical Control Corrosion Under 
Mildly Corrosive Conditions.” 

May 15—F. Whitney, Mon- 
santo Chemical Co., will talk 
Plastics Solve Corrosion Problems 
Industry.” 

The program committee consists 
Boone, People’s Gas Light and 
Coke Co., chairman; Sheldahl, 
Sinclair Research Laboratories, Harvey, 
Ill.; Fletcher, Illinois Bell Tele- 
phone Co., Chicago and Bowers, 
Industrial Coatings Corp., Chicago. 


Shreveport Section Barbecue 


Shreveport Section NACE will hold 
its annual barbecue September the 
American Legion Clubhouse, Shreve- 
port. 


LARGE 


corrosion 


PROBLEMS 


Perma-Line builds and 
lines tanks for plating 
and acid handling. 


FIELD corrosion 


PROBLEMS 


has helped solve them ALL! 


Perma-Line corrosion and erosion resistant products and 
services have, for many years, solved corrosion prob- 
lems various industries reasonable cost. 


Our experienced technical staff prepared help you 
solve those corrosion that slow down 
production your plant field operations. 


Why not consult Perma-Line about your particular cor- 
rosion problems? Inquiries given prompt attention. 


FREE 
“Perma-Line Linings 
for 


Perma-Line Corrosion-Resistant Services and Products include: 


and Field Installations Metal and Rubber Fabricated Parts Tank 
and Tank Linings Perma-Coil Heat Exchanger Coils Ventilation and 


Exhaust Systems Pipe and Fittings « Brick and Mortar e Perma-Plugs « 
Plating Accessories Anode and Industrial Baskets Coatings and Paints 


Sand Blasting Extolled 
For Surface Preparation 


for painting over power brushed areas 
was cited James Cogshall, 
vania Salt Mfg. at_a meeting 
Detroit Section May 26. Eighteen 
bers and guests heard Mr. 
say that sandblasted surface 
better bond for paint. 
brushed surfaces should applied 
brush for better adhesion, 
mended, while primers with special 
ting agents and quick drying times 
advantageous for areas exposed chem. 

While thinner materials rarely 
more than mils per three coat system 
Neoprenes frequently give mils 
coat and satisfy better the requirements 
factory system, the speaker said. 
cipal saving labor when 
films are obtained. 

One speaker, during 
lead Mr. Cogshall, maintained 
with spot repairs saves from 
percent over system calling for 
coatings every three years. 

was decided also that present 
tion officers will have their terms 
tended January 1956 conform 
the NACE standard terms office, 


Houston Meeting 
(Continued From Page 78) 


Dow Chemical Co., Midland, Mich, 


Friday Afternoon 


Cathodic Protection Symposium, Gor 
don Doremus, Cathodic Protection 
Service, Houston, chairman. 

High Potential Magnesium Anode 
Nichols, The Dow Chemical Co., 
land, Mich., and Freeport, Texas. 

Cathodic Protection Rectifiers: Some 


tions and Design, Lyle Smith 
Earl Newmyer, Good-All 
Mfg. Co., Ogalalla, Neb. 
Application Cathodic Protection 
Internal Tank Bottoms, Grave 
and Tisdale, Tidal Pipe Lin 
Co., Houston. 


High Temperature Corrosion 
Houston, chairman. 

Liquid Metal Corrosion, 
Oak Ridge National 
Oak Ridge, Tenn. 

Steel Molten Lead Service 
vated Temperature, Nisbet 
Monsanto Chemical Co., 

High Temperature Hydrogen 
ford and Backensto, 
Vacuum Laboratories, 


Cathodic Protection Round Table Dis 
cussion, Derk Holsteyn, Oil 
moderator; panel members: Lion 
Morrow, Interstate Oil Pipe Line 
Shreveport, La.; Sudrabin, 
tro Rust-Proofing Corp., 
J.; Scott Ewing, Carter Oil 
Tulsa; Starr Thayer, 
Houston. 

Bibliographic Surveys Corrosion pub- 

lished NACE contain abstracts care 


fully indexed and 


ing the NACE’s Abstract Filing 
System. 
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Here’s why Anaconda’s new Type Cable 
lasts far longer Cathodic Protection 


Cathodic Protection demands special cable its own. tance electro-endosmosis, well 
Type Cable offers top resistance oil, soil acids, and electro- resistance oil, moisture, 
endosmosis means longer cable life. and most acids, alkalies and chemi- 
cals found corrosive soil areas. 
were intended—just can’t give best 
Oil Co, Unl abl tion—call the Man from Anaconda. 
abin, oil and soil acids—they just 
Newark, New York. 55342 
cial Type Cable—that lasts far failure when subject 
osion longer than ordinary cable potential wet locations. 
racts thodic-protection systems. 
pokes through this corroded High-grade polyethylene insula- 
chance trouble like this? Cathodic Protection heath* 
and Anaconda Type Cable effectively check tion and tough Densheat (PVC) 


buried metals. jacket offer amazingly high resis- CATHODIC PROTECTION CABLE 


: 
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The ingredients the medicinal capsule your 
doctor prescribes, are the finest quality, 
prepared under the most exacting conditions, and 
perfectly packaged for lasting protection. 


The machines and methods and procedures 
necessary set the highest standards for c/w pipe 
are constantly used SPI. Air conditioned areas, 
temperature control materials, steel grit 
cleaning, mechanical handling equipment, and 
many other factors are combined produce 

the finest c/w pipe pipe that perfectly 
packaged for lasting protection. 


3/32” MINIMUM ENAMEL 


Water Flood Corrosion 
Discussed Houston 


Ninety members and guests 
the August meeting the 
Section the Ben Milam Hotel 
Bilhartz, president Production 


Profits, Inc., speak Corrosion 


Water Flood. was announced thy 


future meetings the section will 


held Captain John’s Restaurant 


second Tuesday each month, with the 
exception October. There will 
meeting October due the South 
Regional Meeting being held 


Houston during that month. 


pany, Freeport, will speak 


and Alloys Sea Water the Se. 


tember meeting the section, 


Greater Boston Section 


Elects Officers for 


ment 
New officers for 1955-56 have 
named follows: Murray 
Watertown Arsenal Laboratories, Water. 


town, Mass., chairman; Edward Rue 
Boston Edison Company, Boston, 
chairman; Wayne Keller, National 
Research Corp., Cambridge, 
retary. 


South Central Board 
Trustees Meets Oct. 


meeting the South Central 


luncheon October during the 


1955 regional meeting Houston. 


noon meeting will the 


Ena 


gion’s board trustees will 


later. 


Invitations Exhibit 
New York Sent Out 


Invitations have been sent prospec 


tive exhibitors the 1956 Twelith 


ference and Exhibition the Nationa 


conference will held March 


the Statler-Hilton Hotel, New 
City. Clark Bailey, chairman the 


1956 Exhibits Committee said full 


tails will sent prospects later. 


Loeffler Accepts Liaison 


Position Publications 
John Loeffler, 


Company, Inc., Houston has agreed 


act liaison between the NACE 
nical Practices Committee and the 


lication Committee. will 


policy that occur in connection with the 


publication technical material 


and elsewhere. 


Effinger Named Post 


Program Committee 


Robert Effinger, Shell Oil 
New York City has been named 
chairman the technical program 
mittee for the NACE 12th Ann 
Conference and Exhibition, The meet! 
will held the Statler-Hilton 
March 12-16, 1955. 
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AWS Corrosion-Related 


Papers related corrosion control 
scheduled given under the auspices 
the Welding Society dur- 
ing the 37th National Metal Congress 
and Exposition are follows: 

Effect Preheating Stress-Cor- 
rosion Cracking Steel Weldments 
Paul DeGarmo and Cornet, Uni- 
versity California. 

Hot Cracking Stainless Weld- 
lini, Naval Research Laboratory. 

man, Linde Air Products Co. 

The Practical Approach the Weld- 
ing Stainless Steel Pressure Vessels 
Frederick Clash, Jr., Link-Belt 
Company. 

High Temperature, High 
Pressure Piping With Chrome-Moly 
Electrodes Lloyd Nesbitt, Metal 
and Thermit Corp. 


Extend Porcelain 
Enamel Weathering Tests 


The weathering test program started 
years ago project the Enam- 
eled Metals Section the National Bu- 
reau Standards will expanded un- 
der sponsorship the Porcelain 
Enamel Institute. The tests will 
made James Giles Jr., the PEI 
research associate the bureau. 

newly formed Weathering Test 
Subcommittee PEI with Can- 
man will function subcommittee 
the PEI Quality Development Com- 

Tests will made acid resistant 
types from and numerous 
colors and types varying from full 
matte full gloss. Specimens are 
mounted rooftops various loca- 
and are compared from time 
with identical specimens stored 


Kroll Will Participate 
NYU Titanium Program 


William Kroll, inventor the 
roll process for titanium extraction 
will among leading scientists and 
engineers scheduled participate 
one-week program titanium, The lec- 
tures are given New York Uni- 
versity’s College Engineering Sep- 
sions will follow formal lectures. 


Hot Dip Galvanizers 


The American Hot Dip Galvanizers’ 
Inc., will hold its 1955 
Meeting September 29-30 


Sheraton-Belvedere Hotel, Balti- 


more, 


General 


Coatings Intended for Marine, Offshore Duty 
Tested Floating Rack Corpus Christi Bay 


& 


. 


Figure 1—Comparison results with two 
marine bottom paints after months’ expos- 
ure Corpus Christi, Texas Bay. Left panel 
almost free marine growth while right 
liberally attacked barnacles submerged 
area. Both panels are good condition splash 
and ripple zone, with the only failures showing 
along weld seam one panel. 


Shop Practice Forum 
Have Corrosion Papers 


Papers presented during the 
Shop Practice Forum the Porcelain 
Enamel Institute Ohio State Uni- 
versity, Columbus, September 14-16, in- 
clude: 

Fundamentals Cathodic Protection 
Corp. 

High Temperature Coatings, 
Bennett, University Illinois. 


Electrical Conference 


The National Electrical Conference 
the Petroleum Industry, sponsored 
the Petroleum Industry Com- 
mittee and Houston Section will 
held September 12-14 the Sham- 
rock-Hilton Hotel, Houston. Seven 
technical sessions and six field trips 
are scheduled. 


For the seven years 1945-51 inclusive 
covered the NACE Bibliographic 
Surveys Corrosion there are 12,414 
abstracts technical literature cor- 
Most these include complete 
reference original publication. 


Evaluation coatings intended for 
use marine and offshore exposures 
requires testing under the same condi- 
tions the coatings may expected 
encounter. The cover illustration this 
month’s issue shows one such 
testing rack, maintained Corpus 
Christi Bay Briner Paint and Mfg. 
Co., Inc., Corpus Christi, Texas for its 
own use and for the convenience its 
customers. 

The rack, which policed waters 
(through courtesy major oil com- 
pany) provides variety exposures. 
The south-facing atmospheric racks are 
degrees. Other panels may 
mounted the edge the the 
meter casing shown the left. Another 
series mounted the outside edge 
the raft where half submerged and 
half the constant spray zone. 

The 55-gallon drums which the 
rack mounted can replaced with- 
out taking the raft from the water. Each 
drum coated with different bottom 
paint. 

Any concern may apply for test data 
under the conditions provided the 
raft, Although has been use only 
year many requests for testing have 
been received. 

The Briner company will prepare 
panels other objects for exposure 
request will expose article sent it. 
Data the Briner technicians’ exam- 
ination will given interested parties 
and desired Briner will make recom- 
mendations improvements the ma- 
terials and methods used. 

Submerged panels measure 
inches and carry 18-inch strip 
inch channel welded them. This 
gives shapes, edges and corners, weld 
seam and flat surface one side. The 
other side completely flat. Figure 
shows comparison two marine bottom 
paints after months’ exposure. 

Arrangements can made include 
cathodic protection with without 
coatings submerged specimens, The 
company renders these services free 
charge. John Nee, 3713 Agnes St., 
Corpus Christi, Texas has charge the 
tests. 


Electroplating Course 


eleven-week series two hour 
sessions basic practical electroplating 
will held September 27-December 
Meetings will held plating plants 
and laboratories the Newark area 
with Dodd Carr, assistant director 
Electrochemical Research, Bart Lab- 
oratories Co., Inc., Belleville, 
chairman. Forty students have been 
accepted for the course. 


annual index the abstracts pub- 
lished the Corrosion Abstracts Sec- 
tion published December. 
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Inter Society Corrosion Committee 


CORROSION MEETINGS 
CALENDAR 


1955 

July 18-22—Gordon Research Conference, 
American Association for the Advancement 
of Science. Colby Junior College, New Lon- 
don, N. H. 

Aug. 15-17—Society of Automotive Engineers, 
Inc. Golden Anniversary West Coast Meet- 
ing. Hotel Multnomah, Portland, Oregon. 

Sept. 12-15—Society of Automotive Engineers, 
Inc. Golden Anniversary Tractor Meeting 
and Production Forum. Hotel Schroeder, 
Milwaukee, Wisconsin. 

Sept, 15-16—Montreal Corrosion 
Sheraton-Mount Royal Hotel, 
Canada. 

Sept. 25-28—American Institute of Chemical 
Engineers. Lake Placid, N. Y. 

Oct. 3-7—American Institute of Electrical En- 
gineers, Committee on Technical Operations. 
1955 Fall Meeting, General. Morrison Hotel, 
Chicago, Illinois, 

Oct. 9-13—Electrochemical Society, 
Meeting. Pittsburgh, Penna. 

Oct. 11-15—Society of Automotive Engineers, 
Inc. Golden Anniversary Aeronautic Meet- 
ing, Aircraft Production Forum, and Air- 
craft Engineering Display. Hotel Statler, Los 
Angeles, California. 

Oct. 12-14—Sixth Biennial 
Basin Corrosion Tour. 

Oct. 17-21—American Society for Metals. Na- 
tional Metal Congress and Exposition. Phila- 
delphia, Penna. 

Oct, 18-21—NACE South Central Region meet- 
ing, Shamrock-Hilton Hotel, Houston. 

Oct. 31-Nov. 2—Society of Automotive Engi- 
neers, Inc. Golden Anniversary Transporta- 
tion Meeting. The Chase, St. Louis, Missouri. 

Oct. 31-Nov. 3—NACE Northeast Region meet- 
ing, Hotel Niagara, Niagara Falls, N. Y. 

Nov. 2-4—Society of Automotive Engineers, 
Inc. Golden Anniversary Diesel Engine Meet- 
ing. The Chase, St. Louis, Missouri. 

Nov. 9-10—Society of Automotive Engineers, 
Inc. Golden Anniversary Fuels and Lubri- 
cants Meeting. The Bellevue-Stratford Hotel, 
Philadelphia, Penna. 


Symposium, 
Montreal, 


Inc. Fall 


NACE Permian 
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Nov. 17-18—NACE Western Region meeting, 
Sir. Francis Drake Hotel, San Francisco, 
Cal. 

Nov. 27-30—American Institute of Chemical 
Engineers. Detroit, Michigan. 

Nov. 27-30—American Society of Refrigerating 
Engineers. Annual Convention. Hotel Statler, 
New York, N. Y. 


1956 

Jan.—American Society of Heating and Ven- 
tilating Engineers. Annual Meeting. Cin- 
cinnati, Ohio. 

Jan. 30-Feb. 3—American Institute of Electri- 
cal Engineers, Committee on Technical Op- 
erations, 1956 Winter Meeting, General. Hotel 
Statler, New York, N. Y. 

Feb. 26-29—American Institute of Chemical 
Engineers. Los Angeles, California. 

Feb. 27-March 2—American Society for Test- 
ing Materials. 1956 Committee Week. Statler 
Hotel, Buffalo, N. Y. 

Mar. 12-16—NACE Twelfth Annual Conference 
and Exhibition, Statler Hotel, New York 
City. 

May—American Institute of Chemical Engi- 
neers. Queen of Bermuda. 

May 2-4—American Institute of Electrical En- 
gineers, Committee on Technical Operations. 
North Eastern District Meeting. Rochester, 

May 7-10—American Gas Association. Dis- 
tribution, Motor Vehicles, and Corrosion Con- 
ference. Congress Hotel, Chicago, Illinois. 

May 10-11—American Gas Association. Gas 
Supply, Transmission, and Storage Confer- 
ence. Conrad Hilton Hotel, Chicago, Illinois. 

May 21-23—-American Gas Association, Chemi- 
cal, Engineering, and Manufactured Gas 
Production Conference. Hotel New Yorker, 
New York, N. Y. 

June—American Society of Heating and Ven- 
tilating Engineers. Semi-annual Meeting. 
Washington, D. 

June 17-22—American Society for Testing Ma- 
terials. 1956 Annual Meeting. Chalfonte- 
Haddon Hall Hotel, Atlantic City, N. J. 

June 25-29—American Institute of Electrical 
Engineers, Committee on Technical Opera- 
tions. 1956 Summer and Pacifie General 
Meeting. San Francisco, California. 

Sept. 9-12—American Institute of Chemical 
Engineers. Pittsburgh, Penna. 

Sept. 16-22—-American Society for Testing Ma- 
terials. 1956 Pacific Coast Meeting. Statler 
Hotel, Los Angeles, California, 


Stop piping corrosion! 


You can solve corrosion problems with unplasticized PVC 
and costs far less than metal systems for 
handling many type corrosive materials. New booklet gives 
properties and applications PVC systems, describes PVC 
pipe fittings and flanges made Tube Turns Plastics, Inc., 
the only source for injection molded PVC products. Produced 
the exclusive Hendry process, these PVC fittings are con- 
siderably stronger than fittings made conventional processes. 
Write Tube Turns Plastics, Inc., Dept., PG-9, 2929 Magazine, 


Louisville 11, Kentucky. 


TUBE TURNS PLASTICS, INC. 


224 East Broadway Kentucky 
your TUBE TURNS PLASTICS’ Distributor 


ENGINEERS 


Oct. 1-5—American Institute of Electrica} En 
gineers, Committee Technical Operations 
1956 Fall General Meeting. Morrison Hote] 
Chicago, Illinois. 

Oct, 2-5—-NACE South Central Region meg. 
ing, Beaumont, Texas. 

Oct. 28-Nov. 1—Electrochemical Society, 
Fall Meeting, Cleveland, Ohio. : 

Dec. 9-12—American Institute of Chemica} 
Engineers. Boston, Massachusetts. 


Jan.—American Society Heating and 
tilating Engineers. Annual Meeting. Chicago 
Illinois. 

Jan, 21-25—American Institute of Electrica 
Engineers, Committee on Technical Opera. 
tions. 1957 Winter Meeting. Hotel Statler 

Feb. 4-8—American Society for Testing Mg. 
terials. 1957 Committee Week. Benjamip 
Franklin Hotel, Philadelphia, Penna. 

Mar, 11-15—NACE Thirteenth Annua! Conger. 
ence and Exhibition, Kiel Auditorium, ¢ 
Louis, Mo. 

Spring (tentative)—American Institute of 
Electrical Engineers, Committee on Tech- 
nical Operations. Northeastern District Meet. 
ing. Pittsfield, Massachusetts. 


BOOK REVIEWS 


About the Studies Exposure Tests 
with Painted Steel Panels. Report 
Corrosion Commission (In 
April, 1955. Mataalinstituut 
Afdeling Corrosie, Postbus 4°, 
Holland, Per copy, Francs. 


This the sixteenth report com- 
mission which started tests five sites 
1935. Details preparation panels, 
coating systems, length tests, nature 
environment and other data are given, 
The information includes use primers 
without finishing systems. These showed 
best results obtained with primers based 
pigment mixtures containing least 
percent red lead raw linseed oil 
Red iron oxide primers 
performance. 


Tests with complete systems 
primers and finishing coats involved 
various combinations red lead prim- 
ers, while lead finishing coats, asphaltic 
bitumen and water-resistant varnish. 
data. 


Combating Corrosion—A Special Sym- 
posium. Digest the Proceedings 
the Corrosion Control Short 
Course, Extension Study Center, 
North Campus, University Okla 
homa, Tulsa. 184 pages, 
paper. April, 1955. Published 
ness and Industrial Services, Exten- 
sion Division, University Oklahoma, 
Norman. Per copy, $2. 

Consists papers given during the 

Corrosion Control Short Course, April 

5-7, 1955 sponsored the College 

Engineering and Extension 

The University Oklahoma 

tion with Central Section, 

National Association Corrosion 

neers. Some the papers are 

abstract form only. 

Titles and authors are follows: 
Controlling Corrosion Thru NACE 
John Loeffler; Theory Inhibitors, 
Roebuck; Corrosion Inhibition 
Bacteriological Control Water 
Inhibitors Water Flooding, 
Robinson; Casing Corrosion the 
Petroleum Industry, Jack Battle; 

Electrical Grounding 
Protected Systems, Everett; 
rosion Problems Parallel and 
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Ferro-Pak, volatile corrosion inhibitor 
impregnated paper made the Crom- 
well Paper Co., 4801 Whipple 
Chicago 32, Ill. eliminates messy greas- 
ing and degreasing operations and still 
provides corrosion protection, the com- 
pany says. Use the paper cuts pack- 
aging and freight costs, and makes for 
cleaner plant, according the firm. 
Hypalon, new elastomer made 
Pont Nemours Co., Wilming- 
ton, Dela., described the first issue 
periodical published the com- 
pany, “Facts About Hypalon.” Chemi- 
cally, the product chlorosulfonated 
appearance and physical characteristics, 
but superior rubber many re- 
spects. Another Pont periodical pub- 
lication, “Neoprene Notebook” features 
instructive article, permeability 
rubber. The article part series 
“The Language Rubber.” 


Land Surface Pyrometer for accurately 
measuring high temperatures metals 
and refractories when surrounded cooler 
air being marketed Robertshaw- 
Fulton Controls. Fileden Instrument 
Div., 2920 Fourth St., Philadelphia 
33, Pa. The measuring head the in- 
strument mounted telescopic arm. 
When placed against hot steel billet, 
the pyrometer will measure the tem- 
perature 3/16 inch below the surface 
within 0.5 percent accuracy. 


American Hard Rubber are manu- 
facturers hard rubber pump for 
handling hydrofluoric acid the pro- 
duction television tubes. Each tube 
washed three times high-velocity 
jet percent hydrofluoric acid. There 
metal-to-acid contact, the shaft 
rubber covered integral unit with 
the impeller. 

Compar, corrosion resistant hose and 
hose assemblies described 4-page 
folder published the Resistoflex Corp., 
Belleville J., the manufacturers. 
The material, modified polyvinyl al- 
cohol resin compound, entirely un- 
affected all water insoluble liquids. 
Typical uses the product and list 
materials especially suited for 
handling are given. 

Isothane, new two component poly- 
urethane foaming resin 
dielectric properties, chemical resistance, 
thermal insulation and acoustical quali- 
ties, according the maker, Surface 
Chemical, Inc., McKees Rocks, Pa. 
steam lines, molds, heat pressure 
any kind are required foam the plas- 
tic, the maker 


Ladish Company, Kenosha, Wis., has 
designed new industrial fitting for 
corrosion applications. The firm’s “Tri- 
Clamp” fittings consist flange type 
ferrule—a special precision molded 
gasket which fits into the grooved fer- 
rule lip—and the Tri-Clamp itself, which 
composed specially fabricated 
spring clamp which grips the ferrule 
edges and bolt-type coupler assembly 
firmly secured the clamp ring. 


Stainless tubular products used steam 


superheaters, heater coils and oil refinery 
heaters and other high temperature ap- 
plications are described Technical 
Data Card 178 available from Tubular 
Products Div., The Babcock and Wilcox 
Co., Beaver Falls, Pa. 


Stainless Steel Engineering Data, Cata- 
log No. 55, giving information flange 
drilling templates, ring joint facings, 
stainless steel pipe, pipe threads, pressure- 
temperature ratings, pressure-temperature 
relationship for saturated steam, hard- 
ness conversion tables and including 
materials selection chart indicating the 
action several hundred corrosives 
several Cooper and other alloys avail- 


Cooper Alloy Corp., Hillside, 
e 


Pittsburgh Coke and Chemical Co. has 
added specialty tars, coal tar pitch and 
creosote the products manufactured 
and sold its protective coatings divi- 
sion. They formerly were handled 
the company’s coal chemicals division. 
Shideler, manager the protec- 
tive coatings division indicated the 
change will integrate the division’s posi- 
tion with respect coal tar coatings. 

Fluoroflex-T Laminated pipe. woven 
glass impregnated with Teflon de- 
scribed 4-page bulletin issued the 
Resistoflex Corp., Belleville, 


Surface Roughness from one 1000 
microinches arithmetic average devia- 
tion from mean surface can meas- 
ured with the Brush Surfindicator, 
portable instrument, Information can 
obtained from Brush Electronics Co., 
3405 Perkins Ave., Cleveland 14, Ohio. 


Added Space will double the manufac- 
turing and research area American 


BOOK REVIEWS 


(Continued From Page 86) 


ing Systems, Mercer; Views 
Management Corrosion Control, Carl 
Cloud; Selling Corrosion Control 
Management, Spalding, Jr.; Plas- 
tics for Pipe Coating, Bender; 

Sacrificial Anodes, George; Pro- 
tecting Pipelines Impressed Voltage, 
Scott Ewing; External Coatings for 
Pipelines, Stewart; Unwanted 
Currents Pipelines, James Cowles; 
Prevention for Caustic Embrittlement 
Boilers, James Connors; Corrosion 
Control Steam and Condensate Sys- 
tems, John Maguire; Corrosion Prob- 
lems Recirculating Cooling Tower 
Water Systems, Wise; Cathodic 
Protection Refineries, Hatch- 
ett; “It’s You,” Cannfield; 

Test Methods for Corrosion Mitiga- 
tion, James Cowles; Microbiological 
Corrosion Iron and Steel, 
Updegraff; Corrosion Problems the 
Handling and Use Sulfuric and Hy- 
drochloric Acids, Harold Crook; 
Selection the Proper Surface Coating 
for Given Application, John Nee; 
Corrosion Resistance Sprayed Metal 
Coatings, Walter Meyer; Use 
Glass Coatings Combating Corrosion, 
Nelson. 


Agile Corp., 5461 Dunham Road, 
Heights, Cleveland, Ohio. 
a 


P-Type sink trap made 
ene available from Arthur LaPine 
Co., Chicago. similar metal 
traps construction and can jp. 
stalled and dismantled hand. 

Impervite Heat Exchanger 
factured Falls Industries, Inc., 31795 
Aurora Rd., Solon, Ohio, made 
specially formed 
cubes housed cast iron headers. 
inch cube provides sq. 
heat transfer surface. The exchanger, 
normally made Impervite, also can 
fabricated Graph-I-Tite, new 
carbon-impregnated material capable 
withstanding operating temperatures 
5700 The cubical exchanger can 
operated pressures 100 psi, 


Glass Cloth and fiber mat are 
nated with resins form tanks for cor- 
rosive services varying size from 
They are made Valco Corp., 1710 
Roblyn Ave., St. Paul Minn., which 
also makes machine formed 
tubing and pipe for use with the 

Continuous Metallizing plastic films 
and sheeting possible line 
vacuum equipment available from 


Stokes Machine Co., 5500 Tabor 
Road, Philadelphia 20, Pa. 


(Continued Page 89) 
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NEW PRODUCTS 
(Continued From Page 88) 
Facilities, Inc., Oakland, Cal., 
and testing equipment. 


New-Galv, metal alloy stick useful 
areas where the zinc 
coating steel has been damaged 
welding, flame-cutting, 
the like available from 
RotoMetals, 980 Harrison St., San Fran- 
Cal. The stick metals and bonds 
other treatment required other 
scale. 
e 
issued Hall Laboratories, Inc., 
Pittsburgh, giving some the economic 
for corrosion control boilers. 
Aluminum Pipe roll-formed and welded 
aluminum sheet and 4-inch 
Chemical Corp., Oakland, 
fuel and water supply lines, salt 
water injection and disposal, low pres- 
sure lines and gathering systems 
petroleum applications, new quick 
connecting detachable coupling permits 
installation and The cast 
couplers engage the flared 
ends the pipe with o-ring moulded 
type Neoprene gaskets seated coupler 
bodies threaded locking nuts. The 
company claims 90-degree turns four 
lengths are possible without 
Glass Fibers and thermosetting plastics 
are used make cable clamps size 
through and cable di- 
from through 2-inch 
Lunn Laminates, Inc., Huntington Sta- 
tion, The small clamps are sug- 
ested for applications 
chemical, electric, electronic, 
marine and automotive fields where cor- 
factor. The clamps ma- 
lessen the danger short cir- 
cuts compared equivalent metal 
clamps. 


Epon Curing agent 3-400, solid 
temperature, but easily stirred into 
Epon 828 yield catalyzed 
uxtures which remain useful 
several months stored at room tempera- 
has been developed Shell 
Corp. Mixtures thus catalyzed 
cured yield products with chemical 
heat resistance superior those 
products cured with aliphatic 
curing agents. available 
trial lot quantities. 
Poly-Ep Platon, finish which manu- 
Minnesota Platon Corp., Pipe- 
stone, Minn., says can applied di- 
any clean metal surface with- 
primer now available. The finish 
The two-part material air 
dust free minutes and can 
handled 120 minutes. 
Polyvinyl chloride now 
Wilmington Plastics Co., 
Heald St., Wilmington, Del. 
rm, 


Vidigage ultrasonic resonance thickness 


GENERAL NEWS 


gages are described folder avail- 
able from Branson Instruments, Inc., 
430 Fairfield Ave., Stamford, Conn, The 
Vidigage directly measures the thick- 
ness material from one side 21- 
inch television tube. 

Deoxidizing Compound recom- 
mended Enthone, Inc., New Haven, 
Conn., stripping material for all 
kinds anodic coatings from alumi- 
num. The alkaline material used 
aqueous solution at room temperature 
and does not include ingredients which 
make waste disposal problem, manu- 
facturers’ claim. 

Ultrasonic cleaners 9-inch size soon 
will added other sizes manu- 
factured Pioneer-Central Division, 


PIPELINE 
230 


Reilly Protective Coatings 
uniform character and rigid spe- 
cifications because controlled manu- 
facturing methods 
Contractors, Engineers and Owners 
materials assuring ‘armed’ protection. 


TAR CORPO 


Bendix Aviation Corp. The cleaners are 
being used many industries handle 
parts with intricate shapes and high 
precision surfaces which must not 
altered abrasion etching. 

Neoprene-Base protective covers pro- 
tect moving parts machinery from 
dust and corrosives are manufactured 
Mfg. Co., Inc., 2017 Cly- 
bourn St., Milwaukee Wis. 


Tantalum-Lined heat exchangers 
fabricated Merrem LaPorte V., 
Box 59, Amsterdam Holland, 
are recommended for use with aggres- 
sive acids. Outside coatings may 
thick 0.0116-inch and the inner 
surface the tube plate thick 
0.020-inch, Linings are vacuum welded. 


COAL TAR 
ENAMELS... 
ASSURE 

ARMED PROTECTION 


Reilly Coal Tar 
give long-lasting protection. 


the job 


REILLY COAL TAR ENAMELS 
HOT APPLICATION 


INTERMEDIATE 
230 AWWA 
HOT SERVICE 


always 


are known 


Backed reliable producer, Reilly 
Coal Tar Enamels 
protective properties inherent only 
coal tar 


with the unique 


tirelessly fight corrosion. 


= 
| 
: 
\\ 
HES 


RUBBER COVERING DEPARTMENT 
RIGHT YOUR OWN PLANT! 


Rubber Lining 
your Chemical Equipment 
will Increase Protection 
and Reduce Down-time! 


ARco offers every rubber lining and covering facility completely equipped 
plants Detroit and Houston. your chemical equipment cannot moved and 
processed, ARco Field Service Units will come you anywhere the country. 
They will bring their skill and the best protective materials known your locality. 
Each ARco Field Service Unit staffed with experienced craftsmen and super- 
visors. Their thorough knowledge this work 
your assurance complete satisfaction. 


Let ARco Engineers advise you your corrosion problems. 
Field estimates made request. 

SEND FOR THIS INFORMATION 
TODAY! Literature showing ARco 
rubber applications equipment, 
parts and installations every 
industrial field. 


processors 


4033 Homestead Road Houston, Texas 
APPLICATORS AMERCOAT PROTECTIVE COATINGS 
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PERSONALS 


Bellware has been named 


ber the Welding Group the De. 
velopment and 
Technical Service Section the Inter. 
national Nickel Co., Inc. 

Melvin, has been named sales 
engineer for the Texas and 
Territory The Carboline 
Louis. 

May, formerly Corrosion Advisor 
condenser tube corrosion investigations 
the Royal School Mines has joined 
the Yorkshire Copper Works, Inc. 


Russell Maycock has been appointed 
director Shell Chemical 
Houston research laboratory. 

Raymond Seymour has been named 
president Loven Chemical Company, 
Newhall, Cal. Dr. Seymour, who has 
published many papers coatings and 
structural plastics formerly was presi- 
dent Atlas Mineral Products Co, 


Frederick Feldmeth has accepted 
position sales engineer with the Na- 
tional Alloy Division 
Company, Pittsburgh. 

George William Lucas, 46, supervisor 
carbide materials and process engineer- 
ing, Carboloy Dept., General Electric 
Co., Detroit, died suddenly July 28. 
joined the Carboloy organization 
years ago. 

Carl Post, head Carpenter Steel 
Co., Metallurgical and Research 
partments has been promoted vice- 
president charge metallurgy. 

Peter Schipper, general manager 
the Investment Casting Div., Howard 
Foundry, Milwaukee has been named 
director the Investment Casting 
Institute. 


Raymond McGrath has been 
manager and Vincent Hall assistant 
manager the combined Chicago plant 
and sales office Reilly Tar 
cal Corp. 

Curtis Hoffman has been appointed 
vice president-sales Brush 
Company, 3405 Perkins Ave., Cleveland 
14, Ohio. 

Lewis Favorite has been named 
ager product sales; Frederick Close 
manager market development ani 
McChesney manager Industry 
sales Aluminum Company 
ica, Alcoa Bldg., Pittsburgh 19, Pa. 


George Brown has been appointed 
ager the Paulsboro, plant 
Pennsylvania Salt Manufacturing 
pany’s Thomas Division 
produces commercial fertilizers, 
and sulfuric acids and water conditioning 
chemicals. 


Forest Monkman, Jr., 
metals testing and research and 
uate Massachusetts Institute 
nology has been named head the 
Research and 
the Walworth Company 
new division will concentrate 
velopment valves and fittings for 
nuclear reactors. 
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TESTING 
2.4 Instrumentation 
Specifications and Standardization. 


PREVENTIVE MEASURES 
Non-Metallic Coatings and Paints. 
Oil and Grease Coatings 
5.8 Inhibitors and Passivators 
Surface Treatment 


MATERIALS CONSTRUCTION 


6.2 Ferrous Metals and Alloys 

6.3 Non-Ferrous Metals and 
Alloys—Heavy 

6.4 Non-Ferrous Metals and 
Alloys—Light 


EQUIPMENT 


Engines, Bearings, and Turbines. 
7.5 Containers 

7.6 Unit Process Equipment 


TESTING 
2.4 Instrumentation 


2.4.3, 8.9.5 


Corrosion Evaluation Ship Bulk- 


head and Hull Plating Audigage 
Thickness 
Evans. Corrosion, 11, No. 23-28 (1955) 


Measurements. 


Author discusses Audigage equipment 


under the divisions: theory operation, 
characteristics and accuracy. Techniques 
Audigage surveys ship hull and 
bulkhead plating are given. Methods are 
particularly valuable evaluating cor- 

control systems now use. Two 
figures, three tables, five references. Dis- 


8578 


2.5 Specifications and 


Standardization 


Proposed Standardized 


Procedure for Screening Corrosion In- 
for Use Oil and Gas Wells— 
Inhibitors for Oil and Gas 
11, No. 57-60 (1955) March. 


The need for standard laboratory 


procedure for screening corrosion inhib- 


‘tors prior field testing, for use the 
and gas producing industry, was rec- 
ognized TP-1 (now T-1) 1952, 
presented the 1953 NACE an- 
nual conference presented various meth- 
ods laboratory screening evaluation 
emg used. T-1K was organized for the 
test. the result the work this 
committee, standardized test has been 
devised and tested various producing 
laboratories. The test described 
report static oil and water im- 
test using the weight loss 


Corrosion 


steel coupon when under the influence 
inhibited system compared 
weight loss under uninhibited system 
criteria corrosion protection. 8739 


PREVENTIVE MEASURES 


5.4 Non-Metallic Coatings and 
Paints 


5.4.1, 5.3.4 

Corrosion Resistant Finishes. 
Am. Paint J., 38, pages 
(1954) Aug. 

Baked coatings; coatings the form 
linings; metallizing under organic 
coating systems; care along weld-seams; 
coatings hidden areas. references. 
—BTR. 8540 


5.4.2 

Role Nickel Dip Enameling 
Harrison. Paper before Am. 
Ceramic Soc., 55th Ann. Mtg., Y., April 
29, 1953. Am. Ceramic Soc., 37, No. 
363-369 (1954) August 

Investigation was made the effects 
firing time and weight nickel de- 
posited from nickel-dip solution the 
adherence developed cobalt-free and 
cobalt-bearing ground-coat enamel 
both enameling iron and titanium-sta- 
bilized low-carbon steel. Nickel-dip 
greatly improved adherence index for 
specimens fired short time, but de- 
creased adherence firing time was in- 
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creased. Nickel-dip reduced tendency 
fish-scale. specimens with adherence 
index over showed fish-scaling 
tendencies. Nickel dipping the steel 
before enameling caused surface rough- 
ening during firing operation; roughen- 
ing ascribed galvanic corrosion. 


Tables, graphs, photomicrographs, 
references.—I 8627 
5.4.5 


Factors Influencing Premature Paint 
Peeling. American Paint J., 38, 66-87 
(1954) January 11. 

Discusses nature problem with par- 
peeling southern yellow pine. Photo- 
graphs, diagrams. 

8572 


5.4.5 

Impermeable Organic Coatings. 
Orig, Finishing, 15, 8-10 (1954) 
May. 

Mechanism drying; indications 
impermeability; and chemical resistance 
certain single layer films. Graph, 
8746 


5.4.5 

The Mechanism the Corrosion-In- 
hibitive Action Paints, with Special 
Chem. (London), No. 384-394 (1954) 
July. 

Lead and calcium soaps linseed-oil 
fatty acids are shown render water 
non-corrosive iron and steel. Analysis 
aqueous solutions these soaps 
showed presence salts various or- 
ganic acids: calcium and lead salts 
azelaic, suberic and pelargonic acid were 
inhibitive 4.6; calcium and lead 
formates were corrosive, Authors sug- 
gest two hypotheses explain results. 


—BNF 8730 
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5.4.5 

Coating with Mastics. 
AND Atlas Mineral Prods. 
Co. Chem. Eng., 61, No. 232, 234, 236, 
238, 240, 242 (1954) May. 

Heavy coatings properly applied as- 
phaltic mastics protest steel structures 
and equipment against splash and fumes 
alkalis and non-oxidizing 
acids 150 Products this type 
are not recommended for use the pres- 
ence organic solvents, nitric acid, 
chromic acid, chlorine, sodium hypo- 
chlorite chlorine dioxide, Corrosion 
test data are charted. Results were ob- 
tained from actual immersion tests even 
though asphaltic mastics are not normally 
recommended for this type 
INCO. 8636 


5.4.5 

New Acrylic Resins for Coatings. 
SHEETS. Chemistry Canada, 29-33 
(1954) Sept. 

Advantages new emulsion paints 
consumer, painter, dealer, and manufac- 
turer. Graphs, diagrams, photographs.— 
BTR. 8506 


5.4.5, 2.2.5, 8.9.4 

Why Pennsylvania Railroad Uses 
Aluminum Paint. Railway Age, 137, No. 
30-31 (1954) July 

Between 1932-1937, several series 
test paintings were made catenary 
poles the Schuylkill Valley from Phila- 
delphia Norristown, Pa., area af- 
fording severe exposure conditions, using 
aluminum and grey oil well stand- 
ard PRR black paint. 1947 the test- 
painted installations were examined 
determine general 
elasticity (or, conversely, brittleness), 
and amount rust. The following fac- 
tors were evaluated means esti- 
mating remaining protection: spread rust 


DOUBLE SEAL INSULATED UNIONS 


Double Seal insulated 
DOUBLE SAFE Unions provide protection 

ogoinst stray currents in 
flow lines. Protection is simple ond costs much LESS 
thon hook-ups with insulated flange unions, and only 
© few cents more than hook-ups with conventional 
unions. 


INSULATION 
MATERIAL LASTS 
INDEFINITELY! 


Will Not Absorb Water 
Or Oil Products! 


Will Not Ory Out Or 
Become Brittle! 


POSITIVE 
INSULATION 


HOLDS PRESSURES 
PERFECTLY 


The DOUBLE SEAL UNION adaptation the 


principle our regular union which has been used with unfail- 


ing success for years. The addition the Insulated Seat and 


Nut Insulator after careful designing and engineering has re- 


sulted seat that holds pressure perfectly 


perfect insulation and fluid control. 


Available Through Your Local Supply Store 


DOUBLE SEAL UNION CO. 


1206 Nance St. 


Houston, Texas 


7-4101 


spots, blisters, peeling and 
sult the tests, division engineers were jn. 
structed apply aluminum paint when 
necessary repair catenary and 
mission poles. Later, the use alumi. 
num paint was extended telegraph and 
signal apparatus over the entire 
and all structures where appearance 
considered important including: under. 
grade and overhead bridges over impor. 
tant highways, catenary poles and bridges 
transmission poles, signal and telegraph 
equipment, signal bridges, 
houses and cases, unit compressor cases 
and air lines and telephone boxes 
supports, the basis the earlier tests 
and periodic tests carried out since, the 
most suitable pigment and vehicles 
essary answer the railroad’s 
nance needs have been 


5.4.5, 5.2.5 

Zinc-Rich Compounds Give Cathodic 
Corp. Steel, 134, No. 13, 113-114 (1954) 
March 29. 

Iron and steel can cathodically pro- 
tected against corrosion coating with 
vinyl resins heavily saturated with zinc 
powder. Coating, known 
(produced Galvicon Corp.), which 
contains 96% weight dry 
can brushed, sprayed dipped and 
affords protection against dilute acids 
and vapors, solutions inorganic salts, 
humidity, sea and fresh water and salt 
atmospheres. Mayne coated steel 
plates with the zinc-rich compound, 
pierced them with scratch line and 
placed them sea water. They showed 
evidence loose rust after two years. 


5.4.5, 6.3.19 

Silicon Enamels: New Coatings for 
Zinc Base Die Castings. LyNN 
Precision Metal Molding, 12, No. 83-89 
(1954) Sept. 
inert surface layer, chromate 
phosphate. Surface preparation, enamel 
application and baking, salvaging rejects, 
possible defects and how overcome 
them.—BNF. 8712 


5.4.7 
Flame-Sprayed Plastic Coatings. 
RENFREW AND FREEMAN. Org. 
Finishing, 15, 8-10 (1954) July. 
Equipment and materials, 
and disadvantages. Photographs. 
8736 


5.4.8 

Porcelain Enamel Fights Corrosion. 
Barrows. Barrows Porcelain Enamel 
Co. Power, 98, No. 111-113, 220 (1954) 
July. 

Examples use porcelain enamel 
prevent corrosion various situations, 
including temperatures are 
coated black steel pipe aluminum flux- 
ing operation, conveyer screw for moving 
wet gypsum, glass-coated 
tubing, porcelain enameled smoke-stacks, 
thermocouple protective tubes 
making aluminum, cast-iron deepwell- 
pump housing, heat-deflector cone 
troleum processing furnaces and catalyst 
contamination protection. 
chambers holding catalyst and material 
are now coated with porcelain enamel 
prevent contact between nickel alloys and 
catalyst. 


5.4.8, 4.3.3 
New Epoxy Primer Has High 
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Methods, 39, 93-95 (1954) Feb. 
Advanced flow coating technique com- 
with new primer permits thinner 
thickness and improves corrosion re- 
three times. Photographs. 
8450 


5.5 Oil and Grease Coatings 
Investigation Thin Coatings Pro- 
Greases for Preservation Steel 
Objects. (In Russian). 
Applied Chem. (Zhur. Priklad. 
Khim.), 27, No. 454-456 (1954) April. 
Effectiveness grease containing alumi- 
num oleate. ref—BTR. 


Petroleum-Based Corrosion Preven- 
tives. Corrosion Technology, 
243-245 (1954) Sept. 

Temporary corrosion preventives based 
petroleum are applied variety 
products ranging from ballbearings 
sheet stee! give protection during man- 
ufacture, transport storage. Main types 
their selection for particu- 
lar purposes, methods application, 
types and mode action inhibitors 
added the preventives and methods 
testing, are described. Six references.— 
INCO. 8520 


5.8 Inhibitors and Passivators 


5.8.1, 1.7.1 

Some Corrosion Inhibitors—A Refer- 
ence Report Technical Unit 
Committee T-3A Corrosion Inhibi- 
No. 65-67 (1955) April. 

Chemical and trade names, sources 
supply, utility classes which useful, 
material with which effective and litera- 
ture references for inhibitors and classes 
inhibitors are given. This list, consist- 
ing only inhibitors for which literature 
are available outside manu- 
facturers’ literature, conceded in- 
complete. Suggestions for additions and 
changes presentation are solicited 
the originating committee. 8611 


5.8.2 

Corrosion Inhibitor Checklist. 
Chem. Eng., 61, No. 12, 230, 232, 
234 (1954) December. 

Corrosion inhibitor checklist includes 
metals, environments, inhibitors and ref- 
erences. Admiralty, aluminum, brass, cop- 
per, magnesium, Monel, nickel, stain- 
less steel, steel and titanium are some 
the materials 8568 


5.8.2, 8.4.3 

_Use High Molecular Weight Corro- 
sion Inhibitors Petroleum Refineries. 
Corrosion, 11, No. 
(1955) Feb. 

theory adsorptive inhibitors 
tests coupons and refinery equip- 
ment evaluating the effect three 
compounds reducing the 
Corrosion refinery equipment. Data 
coincident use ammonia, cost 
per barrel charge, percentages dis- 
charged effluent and percentage re- 
stream are given. Considerable 
revealed indicating the de- 
action the inhibitors assists 
deposits tubes and pumps 
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and other equipment and thereby extends 
the period between shutdowns for clean- 
ing. Significant reductions the corro- 
sion rates crude distillation units, steam 
reboilers, straight 
vacuum pumps, alkylation units, TCC 
units and other refinery equipment are 
reported. The author concludes water 
soluble inhibitors tested are sufficiently 
soluble hydrocarbons provide cor- 
rosion protection. 8457 


5.8.2, 8.4.3, 7.6.8 

Use Organic Inhibitors Refinery 
Distillation Process Equipment. 
Corrosion, 11, No. 64-67 (1955) 
January. 

Use high molecular weight organic 
corrosion inhibitor discussed. Recom- 
mended methods are given for use in- 
hibit losses from such corrosives 


hydrogen sulfide, hydrochloric acid, or- 
ganic acids and salts, Secondary effects 
are explained, such detergent effects, 
which make for less cleanup time for 
maintenance designed heat transfer 
characteristics. Experiences 120 refin- 
eries the United States and Canada 
and refineries other countries are 
reviewed. 8458 


5.8.3 

Effect Organic Molecules the 
Adsorption Hydrogen the Elec- 
trode Surface. Chem. Soc. Japan, Pure 
Chem. Sect., 74, No. 10, 524-527 (1954). 

oscillographic study the relation 
between electrode potential and adsorp- 
tion organic molecules showed two 
types organic molecules: dipole 
moment greater than that water, 
strongly adsorbed, and 


Sure You Get the WRIGHT Answer! 


Because water conditioning problems are 
individual, one solves them all. 
The Wright method discovers which detri- 
mental factors are characteristic your 
water system and treats the specific condi- 
tion. Wright Service provides study your 
water problem, laboratory analysis made, 
written proposal gives recommendations 
for the solution, then frequent checks are 
made assure continued efficient perform- 
ance. There guess experiment. 
Write call today for survey your 
water conditioning problems. obligation 


WRIGHT CHEMICAL CORPORATION 


GENERAL OFFICES AND LABORATORY 
619 WEST LAKE ST., CHICAGO ILL. 


Offices Principal Cities 
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cathode potential become less noble. 
the current density corrected the 
area covered, the potential reaches that 
the solution without the organic com- 
pound. dipole moment smaller than 
that coatings and only weakly ad- 
sorbed. The effect the potential here 


seems mainly due solvent effect.—EL. 
8500 


Inhibitor Evaluation the Pearson 
Null Bridge. Cross Nor- 
MAN HACKERMAN. Corrosion, 10, No. 11, 
407-412 (1954) November. 

Pearson null bridge was built 
order determine its usefulness the 
evaluation corrosion inhibitors. Eight 
compounds and three commercial in- 
hibitors were tested using steel aqueous 


Impact Resistant Types 


Half the Weight Aluminum, 


with High Tensile Strength 


Readily Formed, Machined, 
Drawn, Molded Welded 


AVAILABLE FORMS 


through 
through 
diameter (10 ft. 
lengths). ROUND BARS 
eter (10 ft. lengths). 
WELDING ROD... 
and diameter. 


with 


Both Chemically Resistant and 


sodium sulfate solution the corrosion 
system. The materials used all had been 
studied various other means, thereby 
permitting comparison previous re- 
sults with those obtained this method. 
estimate, this procedure gave about 
percent correlation with other methods, 
far inhibiting mechanisms are con- 
cerned. This the basis qualitative 
classification only. quantitative tool, 
the bridge its present form appears 
considerably less useful. 8447 


5.8.3, 5.8.4, 1.6 

Corrosion Preventive Additives. 
SCHWOEGLER AND BERMAN. March, 
1954, 166 pp. Armour Research Founda- 
tion, Contract 

The development new corrosion in- 
hibitors that may supplement replace 


TYPICAL APPLICATIONS 


rigid non-plasticized 
polyvinyl chloride, Van- 
Cor fabricated into such 
productsas: Ducts, Hoods, 
Chemical Tanks, Tank Lin- 
ers, Plating Racks, Fume 
Stacks and Piping. 


WRITE FOR ILLUSTRATED BULLETIN, SPECIFICATIONS, 
AND NAME NEAREST DISTRIBUTOR 


COLONIAL 
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SUBSIDIARY THE VAN DORN IRON WORKS CO. 
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petroleum sulfonates was The 
evaluation study was continued with ma. 
jor emphasis the type 
which previously were shown 
tive inhibitors and the minimum 
concentration was determined. With cer. 
tain amine salt inhibitors study 
made determine the effect heating 
150C for three hours corrosion jp. 
hibition, large number organic com. 
pounds were screened the use 
galvanic specimen test order djs. 
cover inhibitors that might 
for inhibiting corrosion the bimetallic 
system, 52100 steel-Muntz metal 
were studied arrive conditions 
suited for screening these 
Initial studies were made the 
nism corrosion inhibition 1020 steel, 
the elucidation the mechanism 
corrosion inhibition, attempts were made 
relate effectiveness the structural 
and functional group characteristics 
the molecules studied. The compound 
types studied included morpholine 
tives, aliphatic amines, and amine salts 
various carboxylic acids both 
and MIL-L-6085A base oils. Many 
ganic compounds were synthesized 
assist the development new 
and the elucidation the mechanism 
morpholine and ethylenediamine 
tives, amine salts mono- and 
carboxylic acids, fatty acid derivatives 
and substituted glyoxalidines. infra 
glyoxalidines was made effort 
arrive effective method verifying 
these structures. This was essential since 
certain glyoxalidines were found have 
potential inhibiting 
warrant further investigation this 
type compound. (auth).—NSA. 


5.8.3, 6.2.2 

Phosphate, Borate and Carbonate. 
Soc., 1954, 103-107, January. 

Iron samples from which the air-formed 
oxide film had been removed were in- 
sodium hydrogen phosphate, trisodium 
phosphate, sodium borate sodium 
carbonate. The films formed under these 
conditions were stripped the alcoholic 
iodine method and their composition 
were determined electron diffraction 
and, when phosphate was present, 
chemical analysis. 


more 


All stripped films showed large, 
tinuous, homogeneous areas evel 
thickness consisting mainly cubic abilit 
having the composition 


regions there were denser particles abou! 
disodium hydrogen phosphate large 
matrix cubic oxide. Trisodium 
phosphate yielded films containing 
small amount ferric phosphate; with 
sodium carbonate and sodium borate, 
clear evidence was obtained for exist 
ence second phase. 

Sodium carbonate, sodium borate 
trisodium phosphate are the salts 
weak acids, and their aqueous 
are alkaline owing hydrolysis; 
quently the ferrous compounds 
the anodes hydrolyze ferrous 
droxide, which alkaline solution 
oxide having the cubic structure. 
disodium hydrogen 
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CHLORINATED RUBBER PAINTS ARE AVAILABLE FROM 400 PAINT MANUFACTURERS UNDER THEIR OWN BRAND NAMES 
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Possibly nowhere else are maintenance paints subjected 
more continuous abuse from the elements and chemical 
fumes than water and sewage treatment plants. Parlon- 
based paints have shown their ability withstand such 
punishment where all other protective coatings have failed. 


Whether the challenge comes from sewage fumes salt 
sea air, hydrogen sulphide ferric chloride—paints based 
Parlon (chlorinated rubber) have shown their 
ability take it. For beauty and protection attractive 
long-term costs, you can depend Parlon-based finishes. 
For further information, contact your paint supplier, 
call write directly to: 


Cellulose Products Department 


HERCULES POWDER COMPANY 


INCORPORATED 


999 King Street, Wilmington 99, Del. 


CR55-2 


RESISTS HYDROGEN SULPHIDE—The digesters, clarifiers and 
control pump buildings San Leandro, California Sewage Dis- 
posal Plant are protected with Ramuc masonry paint, Parlon- 
based product Inertol Co., Inc., Newark, New Jersey. After two 
year’s exposure sea, sewage fumes, and hydrogen sulphide fumes, 
the finish still intact. 


...AND FERRIC CHLORIDE—This 3,500 gal. ferric chloride 
storage tank the vacuum filter plant, Back River Sewage Works, 
Baltimore, Maryland covered with three coats red Rubalt 
paint based Parlon, manufactured Alfred Hague Company, 
Brooklyn, New York. Parlon finish was only one found able 
resist corrosive effect chloride, which strong that will 
eat away bare metal concrete. Tanks are wood with rubber liner. 
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(pH 8.4), however, the ferrous phosphate 
formed the anodes more stable 
hydrolysis, but readily oxidizes ferric 
phosphate. 

Partial immersion sodium tar- 
trate solution containing disodium hydro- 
gen phosphate indicated that the pres- 
ence phosphate the film necessary 
for inhibition when the air-formed film 
thin, but not when thick. films 
formed tartrate solution containing 
trisodium phosphate only small quanti- 
ties phosphate were detected and these 
were not essential for the development 
8618 


5.8.3, 6.2.2, 6.2.3 

The Mechanism Inhibition the 
Corrosion Iron Sodium Hydroxide 


Menter. Chem. Soc., 1954, 99-103, 
January. 

The anodic polarization Swedish 
iron and annealed mild steel 0.1 
sodium hydroxide was examined the 
presence and the absence air. The 
film formed the metal the anodic 
discharge hydroxyl ions showed the 
y—Fe.O; and was indistinguishable 
electron diffraction from the air-formed 
film. Except for traces 
the oxide was anhydrous and not 
hydrated found Russian workers 
sodium hydroxide. 

Freshly abraded iron became passive 
when immersed O.1 sodium hydrox- 
ide containing dissolved oxygen. 
suggested that weak areas the air- 
formed film are first repaired the 
electrochemical formation ferrous hy- 


got the idea from Standard 


VIBRA-PAK 


not sure it’s cricket carry your own sod the 
golf course. But there ARE times when carrying your own 
soil can mean quite saving time, trouble and expense. 


That’s why every VIBRA-PAK Anode delivered you 


already compacted and centered backfill, ready drop 
the hole. You get BETTER positioning EASIER 
installation FASTER installation, every time. 


There are several other good reasons for specifying Standard 
Magnesium VIBRA-PAK Anodes, too. The patented spiral 
core, for example which really stays put; 


separate from the anode. And, course, the best reason 
all; the magnesium each VIBRA-PAK Anode spectro- 


graphically analyzed assure you greater purity 


more current per pound. 


Next time the job calls for dependable Magnesium Anodes 
aid controlling corrosion, specify VIBRA-PAK 
the “pre-packaged” Anode that carries it’s own backfill. 


For further information, please address all 


424-C, Tulsa, Oklahoma 


Pioneers of: SPECTROGRAPHICALLY ANALYZED ANODES AND CYLINDRICAL ANODES 


19Ga 


NATIONAL ASSOCIATION CORROSION 


ENGINEERS 


droxide, which then reacts with 
termediate compound. Later repair after 
potential —0.4 has been reached 
may occur the direct 
production ferric oxide. this way 
the film thickens until 
Thus, air-formed film which may 
months old can rapidly reinforced 
immersion aerated 0.1 sodium hy. 
droxide, with without the application 
8733 


5.9 Surface Treatment 


5.9.2, 6.2.5 

Descaling the Stainless Steels. 
Spencer. Metal Finishing, 52, No. 
(1954) February. 

Difficulties removing complex 
scale from mechanical 
descaling; acid descaling; choice acid 
pickling baths; caustic descaling baths 
—BNF. 


5.9.2 

Electrolytic Derusting: Principles and 
Applications the Process. Key. 
235-237 (1954) August 20. 

Process developed the Admiralty 
for derusting iron steel cathodic 
treatment sea water sodium 
ide (using DC). Large articles such 
buoys mines can treated when 
suspended the sea and methods for 
treating large tanks and steam turbines 
are given. Decks are derusted using 
paste sea water and asbestos 
iron mesh electrodes canvas 
sea water.—BNF. 8545 


5.9.2 

Pickling Acids—A Closed Cycle? 
Report No. 216 the Committee 
Chemists the Verein Deutscher 
huttenleute. (In German), 
ERT. Stahl und Eisen, 74, No. 14, 
(1954) July 

Chemical processes iron 
with sulfuric acid, Requirements 
met modern acid pickling method. 
Continuous pickling methods. Recovery 
the spent acid the application 
novel theories. Testing pilot plant. 
The most appropriate conditions for the 
operation the pilot plant. Laboratory 
tests for the disposal the iron sulfate 
pickling process into cyclic operation 
process.—SE. 8517 


5.9.2 

The Role Cyanide Neutralization 
the Surface Treatment Steel. 
Metal Finishing, 52, No. 10, 62-64 
(1954) October. 

Carbon-14 was used 
amounts cyanide retained 
steel, Results show that 
temporary corrosion resistance cyanide 
neutralized pickled steel stems entirely 
from chemical action sodium cyanide 
during neutralization step Tables. 


Two references. 86% 


5.9.2 

Chemical Polishing Steel. 
Research, No. 89-93 
(1954) March. 

process for steel, which bath 
ing oxalic acid, hydrogen 
sulfuric acid used, Although there 
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Resilon depolymerized rubber and resin 


base thermoplastic flexible sheet form which 
can installed your own workmen using 
only torch and trowel. Think for minute 
what this means your own crew can handle 


lining installations and repairs needed with 


less equipment down-time and very low in- 
stalled cost. (Should you prefer, will install 
for you. And you'll still save 

zation 
10, 62-64 


Resilon simple and easy apply. ad- 
hesives vulcanizing required. Sheets are 
“heat welded” properly prepared steel con- 
crete with torch. This fuses them tightly 


that the bond strong the material itself. 
V-joints are filled with Resilon strips, then 
fused and smoothed with heated trowel. 


Get 


Write today for your copy Bulletin 
RL-510 RESILON 44, which gives all 
the data on Resilon 44 including a 
table of chemical resistances. 

tf you have a difficult lining problem 
our Process Equipment Division will 
glad consult with you without 
obligation. 


etermine 
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entirely 

cyanide 
Tables. 
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Economy 


CORROSION-PROOF LININGS 


The result seamless, impermeable lining 
membrane, installed cost well below 
equivalent linings. 

Resilon very dense with high dielectric 
strength. resistant non-oxidizing acids, 
alkaline and caustic solutions temperatures 
150°F. Within temperature limits re- 
mains flexible and non-tacky, and does not de- 
compose age. Resilon may used alone 
except where danger mechanical damage 
exists. Then oversheathed with one course 


acid proof brick laid Durisite Vitric 
cement, which incidentally extends temperature 
limits upwards 50° more. 


will pay you investigate the time-, money-, 
inconvenience-saving properties Resilon 44. 


PROCESS EQUIPMENT DIVISION 


EWARE 


AKRON OHIO 
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ROTECT 
EQUIPMENT 
ACIDIZING 


with 


RODINE 203 
HIGH AND LOW 
TEMPERATURES 


“Rodine” 203 organic 
inhibitor designed especially 
for the protection well 


tubing and 
equipment. 
Economical, effective, and 


easy use, “Rodine” 203 
provides 
tion minimum cost. 


ENAMEL TEMPERATURE DEG. 


TESTA 


Felt registered 126 degrees 
TION DEGREES. 


_ 


REFLECTO FELT 


Under controlled surface heat 140 degrees, enamel under 
black felt registered 156 degrees. The enamel under Reflecto- 
TEMPERATURE REDUC- 
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some difficulties yet surmounted, 
this process appears suitable for 
preparing steel for electroplating—either 
decorative for reclamation worn 
components.—BNF. 8674 


5.9.2, 5.8.2 

Testing the Efficiency Pickling 
Additions [Inhibitors]. (In German). 
Eisensuttenw., 25, No. 3/4, 115-123 
(1954) March/April. 

Iron salts dissolved the acid may in- 
crease attack steel. The effect 
numerous commercial inhibitors was 
studied; few were found satisfactory 
sulfuric acid degrees (for continu- 
ous pickling strip). The presence 
iron salts prolongs the pickling time, 
even when effective inhibitor pres- 


8475 


5.9.2, 8.9.5 

Electrolytic Descaling—An Electrical 
Method Rust Removal from Tanker 
No. 31-51 (1955) April; Am. Soc. 
Naval Engrs., 68, No. 1005-1050 (1954) 
November. 

detailed report the theory, tech- 
nique and application electrolytic de- 
rusting the cargo tanks United 
States Navy tankships. After discussion 
the various aspects anodic and 
cathodic cleaning rust from steels, the 
theory the process together with 
account patents, army use the 
method and initial navy testing and appli- 
cations reviewed. 

Details the laboratory investigations 
preceding the application the descal- 
ing method are given, including appa- 
ratus and materials. Effects anode 


REDUCE TEMPERATURE 
ENAMEL much 30° 


120 
15 
110 
105 


ENAMEL TEMPERATURE DEG.F 


Above are the results studies independent research organization upon the heat absorption 
characteristics Nicolet Reflecto-Felt (white) vs. black felt. 


With controlled surface temperature TEST reduced 30%, 
ENAMEL UNDER REFLECTO-FELT REGISTERED DEGREES 
LESS THAN ENAMEL UNDER BLACK FELT. 


WITH REFLECTO-FELT, YARD WRAPPED PIPE CAN NOW STORED. ENAMEL SAG REDUCED 
PIPE COATED OVER THE DITCH. INVESTIGATE REFLECTO-FELT NOW. WRITE FOR LITERATURE. 


100 


Vol. 


spacing, electrolyte composition, tem. 
perature, effect faying surfaces and 
dissimilar metals (aluminum, zinc, 
and brass), additions sulfuric acid 
electrolyte, current reversals, detergents 
hydrogen embrittlement are surveyed 
Results using anodes magnesium 
aluminum, zinc, copper and platinum are 
reported. Volume gases given off 
the various anodes 
Reports the electrolytic descaling 
nine vessels are given including 
estimate the final tank conditions, opti- 
mum current density, anode area, current 
distribution, washing down operations, 
intermittent flushing, hydrogen evolution 
and cost comparisons with conventional 
cleaning methods, Specific 
tions and account the practical de- 
tails involved the procedure are given, 
tables, figures. 8621 


5.9.3 

Precision Barrel Finishing. 
Maynes. Plating, 41, No. 455-460 (1954) 
January. 

Deburring and surface finishing: types 
barrels, auxiliary equipment, media, 
cleaners, operating procedure and hints, 
—BNF. 8734 


5.9.3 

Belt Grinding Wheel Grinding? 
Parts III, and (In German). 
92, A119-125, (1954) June, 
gust, September. 

Part III (June) deals with further 
ways and means economic belt grind- 
ing; Part (August) with the use 
mixtures grease and petroleum and 
abrasives; and Part (September) 
general economic comparison ordinary 
grinding belts and abrasive-coated wheels 
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sections Transcontinental’s new 36-inch 
loop are coated with Copon Internal Pipe 
Coating for efficient delivery cleaner gas 


Here are the simple, factual reasons why more 
and more transmission lines are using COPON: 


Proven protection against corrosion. 

Complete internal protection pipe during 
stockpiling, transportation and laying line. 

Reduced cost using scrubbers and strainers. 

Cleaner gas delivery greatly reduces mainte- 

nance and labor costs. 


Over the years COPON saves many times its cost. 
the effective corrosion control coating. 
technicians can give your corrosion engineers, and 


others your company responsible for obtaining most 
efficient operation, detailed evidence Copon’s exclu- 
sive characteristics. 


This Coupon for Your Convenience 
Getting More Copon Facts Pronto! 


COAST PAINT LACQUER CO., INC. 
P. 0. Box 1113, Houston 1, Texas 


Please send information about COPON Internal 
Pipe Coating. 


Name__. 


Position or Title 


Address 


City State 


BOX 1113, HOUSTON TEXAS 


Rows pipe, destined for Transco’s line, rolled 
from Consolidated Western Steel Company's Orange plant to Rossen-Richards’ 
yard where will chemically cleaned and sprayed internally with Copon, 


OAST paint Lacquer 


Close-up showing how 
pipe is pressure-sprayed 
with Copon at Rossen- 
Richards yard in Orange, 
Texas. Pipe is rotated 
as automatic sprayheads 
are pulled 
through entire 40-foot 
length of pipe. 


Three flat cars 
loaded with eleven 
40-foot joints 
each. 
has been Copon- 
sprayed internally 
and is ready for 
shipment the 
Transcontinental 
line. 


100 


and includes the first results obtained 
the recently developed multi-layer 


BNF. 8749 


5.9.3 

Polishing Metal the Barrelling 
Process. Paper before Inst. 
Metal Finishing, Manchester, October 
1954, Bull. Inst. Met. Finishing, No. 
289-298 (1954-1955) Winter. 

Practical methods for the barrel grind- 
ing and/or barrel burnishing malleable 
cast iron, steel, brass silver 
parts and zinc-base die-castings and 
for deburring and cleaning, are described. 
Design, layout, types barrel, and suit- 
able mediums are discussed.—INCO. 

8580 
The number authors listed the 
1950-51 Bibliographic Survey Corro- 
sion published the NACE 4057. 
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5.9.4 

before Inst. Met. Finishing, Manchester, 
Feb. 18, 1954. Bull. Inst. Met. Finishing, 
No. 203-218 (1954) Autumn, 

review modern methods phos- 
phatation including classification the 
various types coatings produced 
present commercial phosphating meth- 
ods predominant metal phosphate 
the treatment bath (iron, zinc, man- 
ganese), weight per unit area the coat- 
ing, anti-corrosion and other purposes 
the coating and accelerated and non- 
accelerated processes. Anti-corrosion 
uses phosphate coatings are sub-di- 
vided into the protection threaded 
components and/or moving parts, non- 
moving but rigid parts structures, 
parts components which are subject 


WHICH ANODE SHOULD YOU USE? 


What size and shape magnesium anode would best your 
job? The above photograph shows some the anodes stocked 
regularly CSI. Many other sizes can had special order. 


Which would best protect your pipeline 


tank bottom pier legs? 


well 


given amount magnesium metal not the whole answer 
the problem according just-released report, prepared CSI 
engineers. The size and shape the anodes used are important 

For example, the report shows that the most economical anode 
for 10-year life 5000 ohm-cm. soils D-shaped Galvomag 
anode, inches. Galvomag the new high-potential anode 
developed The Dow Chemical Company. Galvomag available 


FREE REPORT. You can have free copy the above report simply 
writing the department shown below. Also, CSI offers free consultation 
help you choose the right anode for your job. obligation. 

CSI has complete line brand-name cathodic protection materials, 
well expert installation services, Call write for competitive estimates 


CORROSION SERVICES 


quotations. 


Box 7343, Dept. 


INCORPORATED 


Tulsa, Oklahoma 


Telephone: Gibson 7-0082 


flexure during service and parts which 
have formed bent after 
ment. Factors affecting the 
and crystal growth phosphate 
are briefly discussed. 


5.9.4 

Effect Gelatin the Changes 
Initial Cathode Polarization During 
trodeposition Copper. Parsoys 
AND WINKLER. Can. Chem., 32, 
581-590 (1954) June. 

the absence addition agent, the 
cathode polarization during initial elec. 
trolysis copper from solution acid 
cupric sulfate rose 
ously from zero approximately the 
steady state polarization. When gelatin 
was present the polarization generally 
increased maximum; then decreased 
minimum beyond which increased 
steady state 8602 


5.9.4 

Some Hints Good Phosphating 
Metal Finishing, No. 11, 416-418 (1954) 

Some defects and remedies acceler- 
ated zinc phosphate treatment are tabu- 
lated. Five basic stages phosphating 
comprise cleaning, phosphate coating 
formation, rinsing, drying, 
treatment (staining, oiling, lac- 
quering and lubrication). These are out- 
lined. Inadequate cleaning and 
nated rinses are the two main causes for 


complaint—INCO. 8478 


5.9.4 

Aluminium: Hard Coating Methods 
Review. Light Metal Age, 
12, No. 3/4, 10, (1954) April. 

Includes two tables grit blast abra- 
sion tests and salt spray corrosion tests 
various anodic coatings, prepared 
the Alumilite process the Glenn 
Martin Co.’s “Martin Hard proc- 
ess.— BNF. 8516 


5.9.4, 6.3.20 

Analysis the Formation Current 
Electrolytic Oxidation Zirconium. 
AND CHARLESBY. Proc. Phys. 
Soc., (B), 67, 201-210 (1954) 
March, 

anodizing zirconium, only portion 
the current passed contributes the 
growth the insulating oxide The 
film thickness proportional the for- 
mation voltage and measuring the 
mass increase the specimen and cor- 
recting for trapped gases, the net weight- 
the dielectric constant were also de- 
termined The structure the film 
largely 8693 


MATERIALS 
CONSTRUCTION 


6.2 Ferrous Metals and Alloys 


6.2.5, 

High Temperature Oxidation 
teristics Some Manganese-Aluminium 
Steels. Part KrisHNAN AND VED 
Sci. Ind. Research (India), 
13, Sec. 444-449 (1954) June. 

Oxidation characteristics some 
ganese-aluminum steels between and 
1100 for short durations are reported. 
The manganese content 
varied from 0.4 26.2 percent and that 
aluminum from percent. The 
oxidation characteristics most the 
manganese-aluminum steels obey 
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Due their exceptional strength, 
wrapped tighter, expelling air and moisture and 
unexcelled bond. 
The photo above shows Plicoflex No. 330 tape 
being stripped from pipe. Note that the adhesive will 
Here are features not disbond from either the pipe surface tape. 
match air bubbles moisture droplets here! Pipe surface 
effectively sealed against soil atmosphere. 
Exceptional physical and dielectric Illustrated below Plicoflex No. 340, laminated 
strength. tape which provides the added pro- 
High resistance shock, impact, acids, fused the pipe surface. 
alkalies, and soil stress. Plicoflex Tapes are available black, white, and 
1954) bond metal pipe surfaces. colors, providing virtually maintenance-free color- 
coding system for above-ground installations. 
Positive seal helix spiral. Superior Plicoflex Adhesives asphalt, coal tar 
The Extra thickness for extra protection. Neoprene base materials are available suit your 
Low initial cost, lower final cost. 
de- 


flex System, mail the 

coupon 


PLICOFLEX, INC. 
1566 E. Slauson Ave. 
Los Angeles 11, Calif. 


More info PLICOFLEX, please. 


COMPANY 


Plicoflex No. 340, applied with adhe- Plicoflex No. 340, applied bare, still 
sive primer, demonstrates its superior demonstrates its superior bonding 
bonding and sealing qualities. and sealing qualities. 


PRIMER 
KILLS RUST AND 
CORROSION 
SALT CARS! 


CASE HISTORY NO. 460. Victim: Sal 
cars used Leslie Salt Co., Newark, 


California. Criminal: Rust. Course 
Action: Tnemec primer applied over 
formerly corroded and rusted sections 
protect against salt air and 
humidity. Case Closed: Criminal rust 
apprehended and killed TNEMEC. 


Learn How TNEMEC Primers 
Will Kill Rust Your Plant: 


request your business letterhead will bring 
you this useful “Tnemec Specification Booklet.” 
Write today and learn how Tnemec will save money 
for you killing and preventing your plant. 
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bolic law 600 700 The addition 
steels results increased oxidation all 
temperatures from 600 1000 How- 
ever, steel containing 6.5 percent man- 
ganese and percent aluminum resists 
oxidation slightly better than percent 
aluminum steel 1100 (auth).—NSA. 

8543 
6.2.5, 3.7.2 

Rare Earths Stainless Steels. 
Carpenter Steel Co. Paper before 
Am. Soc. Metals, Reg. Mtg., Penn State 
College. Metal Progress, 66, No. 115-119 
(1954) October. 

While rare-earth oxides and Misch- 
metall are useful degasifiers complex 
and high-chromium-nickel austenitic steels, 
residuals from Mischmetall 
sary correct brittleness forging 
ranges. Improvements hot workability 
described. effect rare earths 
corrosion resistance, tensile strength, im- 
pact properties age hardening noted. 
Stress-rupture increased and scale for- 
mation 1900 reduced, but above 
this temperature the scaling rate increases 


rapidly. 8485 


Effect Minor Constituents the 
Intergranular Corrosion Austenitic 
Corrosion, 11, No. 22-26 
(1955) January. 

Results standard laboratory tests 
the corrosion resistance 18-8 stainless 
steel indicate the precipitation minor 
constituents other than chromium car- 
bide may significant. Results achieved 
appear disagree with those Bain, 
Rutherford and Aborn and indicate free- 
dom from intergranular corrosion may 
expected only carbon content 
below 0.009 percent, instead the 0.02 
percent they predicted. 

Tests showed sensitized 18-8 steel 
containing 0.03 percent maximum carbon 
content corroded nitric acid 
about the same rates higher carbon 
18-8 steels. Metallographic studies 
using the corroding solution etch- 
ant indicated that the delta ferrite-aus- 
tenite grain boundaries were severely at- 
tacked with complete loss some delta 
ferrite grains. postulated that during 
sensitization some constituent 
forms grain boundaries low carbon 


APEX Anodes are 
available in #7 Ib. 
and 32 Ib. bare anode 
with or without wire, 
or complete packaged 
anode with wire and 
back-fill ready for 
installation. 


available upon 


18-8 steels and apparently 
the boundaries separating the 
ferrite from the austenite. 

The need for instrument capable 
making microchemical analyses 
tioned. 8433 


6.2.5, 3.8.3, 2.3.9 

Oxide Film Composition Studies, 
Jr. Annals New York Academy 
faces) 58, No. 855-872 (1954) 
ber 15. 

Data passive films formed 
ous typical stainless alloys. 
film stripping procedures and 
analysis films was given. Results jn- 
cluded discussions compositional and 
structural characteristics surface 
effect surface treatment 
composition and surface enrichment 
silicon. Tables, graphs, references— 
INCO. 8714 


6.2.5, 4.6.7, 3.5.9, 3.5.7 

Corrosion Stainless Steels Super. 
Battelle Memorial Inst., Contract 
W-7405-eng-92 (BMI-901), pp., 
1954. 

The corrosion behavior stainless 
steels (representing hardenable and non- 
hardenable grades) has been determined 
static tests degassed supercritical 
water 800, 1000 and 1350 pres- 
sure 5000 psi. The materials were 
evaluated the basis weight gain and 
metallographic examination sample 
after exposure the selected test condi- 
tions. The Armco 17-4PH, Armco 
7PH, and Hastelloy alloys were the 
most resistant materials both 1350 and 
1000 Inconel Type 302 stainless and 
Allegheny A-286 were severely attacked 
both 1350 and 1000 whereas the 
Hastelloy and Type 410 stainless show 
heavy attack 1350 only. The Type 
347 stainless steel, although exhibiting 
only moderate weight gains, was severely 
pitted after exposure 1350 Some pit- 
ting was also observed the sample 
Type 309 stainless. supercritical water 
hydrogen 1000 the Allegheny 
A-286 alloy was the only material show- 
ing significant reduction corrosion 
resulting from the presence hydrogen. 
All the alloys tested had excellent resist- 
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TRANSHIELD Asbestos Felt— 


This newly developed low cost pipe line protecting wrap- 
per designed for average soil conditions. reinforced 
with continuous glass yarns, parallel spaced centers 
give tear-free application strength. Made coal-tar 
saturated asbestos, acts continuous barrier shield 
pipe line enamels from earth loads and soil stresses. 
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TRANTEX® Tape— 
widely used coating where ease application im- 
over field welded joints mill-wrapped pipe 
for rush coating needs. Pressure-sensitive sticks 
pipe contact, forming firm stable bond. Can 
cold-applied hand with simple wrapping machines. 
miles oil and gas pipe lines. Widths Rolls rocky soils, outer wrap J-M Transhield J-M 


ASBESTOS Pipe Line Felt— 


heavy-duty material particularly suitable for severe 
soil conditions where heavier material than J-M 
Transhield desired. Provides long life, toughness, flexi- 
bility, resistance rot, decay, cracking, and impact. 
J-M Asbestos Felt now protects more than 100,000 


any length desired. Asbestos Pipe Line Felt recommended. 


For further information about Johns-Manville Products for Pipe Line Protection, 
write Johns-Manville, Box 60, New York 16, Y.; Canada, 199 Bay St., Toronto Ont. 


JOHNS -MANVILLE 
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Just 
“DOWN 


will your first cost 


THE ANSWER DEPENDS 
UPON YOU. you buy only 


because the bid low you 
might married high re- 
placement and maintenance 
costs for years come. that 
case the lowest cost becomes 


the highest cost. 


But you buy Mayes Bros’. 
quality coating and wrapping 
you are assured full meas- 
ure the finest enamels and 
wrapping put experi- 
enced men who specialize 
wrapping PERMANENCE into 
pipe. Our first cost your last 
cost—which makes our cost your 


least cost. 


Let Mayes Bros’. years ex- 
perience putting PERMANENCE 
pipe your answer first 
quality, long-lasting protection 


that actually costs less the 


MAYES BROS. 
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ance 800 degassed supercritical 
water after 84-day exposure, gen- 
eral, the corrosion degassed super- 
critical water 1350 was intergranu- 
lar nature, whereas 1000 only the 
Inconel material was selectively pene- 
trated along grain boundaries. All alloys 
suffered some decarburization and carbide 
precipitation after exposure 1350 
decarburization significant phase 
changes were observed for samples ex- 


posed 1000 (auth)—NSA. 8442 


Non-Ferrous Metals and 


6.3.6, 4.3.2 

Corrosion Resistant Aluminum 
Australian Inst. Metals, Melbourne 
Branch, Sept. 1953. Australasian Engr., 
1954, 54-69, June 

Experimental work aluminum 
bronze revealed promising alloys con- 
taining percent copper and percent 
aluminum. One superior lead re- 
sisting corrosion boiling percent 
hydrochloric acid and has mechanical 
properties similar those mild steel. 
similar alloy second only lead 
resisting corrosion boiling dilute sul- 
furic acid. Both alloys can forged, 
hot rolled and extruded. Heat treatment 
necessary develop full corrosion re- 
sistance boiling 24% percent hydro- 
chloric acid. Neither alloy 
for use high velocities (40 feet per 
second). Extensive tables and graphs 
shows results corrosion tests. Many 
the alloys contain 8072 


6.3.6, 6.2.1, 6.3.10, 6.4.1 
Magnetic Permeability So-Called 


The Model E-4 Detector portable 
instrument designed for all-purpose work 
and adaptable both large and 
small pipe. features direct current, 
high potential output, accurate bell sig- 


“Non-Magnetic” Metallic Materials, 
Gross. Am. Soc. Naval 
No, 215-245 (1954) February. 

Presents the results and conclusions 
obtained from large number 
ability tests and discusses the 
various classes materials. Materials 
tested were brasses, bronzes, 
nickel alloys, copper, nickel, aluminum 
and magnesium base alloys, and 
less and manganese steels. 
and 8206 


6.3.8, 5.3.4 

Plating Lead Alloys, Pewter and 
Britannia. Metal Fin., 52, No, 
56-61, (1954) April. 

Buffing, cleaning, acid dipping, elec. 
trodepositing silver and chromium 
various methods, general practice for 
holloware, avoiding blistering 


8088 


6.3.15, 3.4.6, 3.5.9, 3.2.3 

Behaviour Titanium Gases 
High Temperatures. (In Italian). 
NEDI. Alluminio, 23, No. 35-39 (1954), 

Oxidation titanium oxygen, car- 
bon dioxide and nitrogen atmospheres 
studied measuring weight increase 


6.3.15, 3.5.9, 3.7.2, 3.7.3 


Titanium-Silicon Alloys. Sur- 
CLIFFE. Rev. Met., 51, No. 524-536 
(1954). 


part investigation the effect 
certain impurities the properties 
titanium, study the binary alloys 
titanium and silicon was undertaken 
determine the maximum quantity 
silicon that will not seriously impair the 
working properties titanium, and ii) 
the properties elevated temperatures. 
Alloys containing >2% silicon were pre- 
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DETECTOR 


Tinker Rasor 
MODEL E-4 
DETECTOR 


Lightweight 

Output 

Shock Proof Case 
Adjustable Voltage 


Non-Destructible 
Type Material 


nal alarm, and adaptable both the 
full circle and half circle electrodes. 
adjustable from 2500 20,000 volts 
and offers shock proof, non- 
destructible type case. 


Write today for prices and complete detailed information. 
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from Kroll titanium; those con- 
titanium. The silicon was the 
rme- ment, modification the arc furnace 
for melting. For heat-treatment 
875 the specimens were sealed 
ampoules, which, for quenching, 
tions dropped into water and broken. 
8206 For temperatures above 1000 the 
were placed titanium re- 
ceptacles vacuum furnace. The equi- 
measurements agrees well with Han- 
Am. Soc. Metals, 44, 518 
perature and the solubility silicon 
8088 the alloys showed that: possible 
hot forge alloys containing 
draw, and shear alloys containing 
8744 tures UTS titanium increases from 
The addition silicon causes 
arapid fall the resilience. There 
linear relation between the Vickers 


hardness and the UTS ordinary tem- 


elevated temperatures this 


applies only alloys containing 


The limit solid solubility 
ofsilicon titanium falls from ~3% 


the phase the eutectic temperature 


temp. between 862 and 848 the max. 


titanium-rich side the equilibrium dia- 
silicon 
quenching. 10) The addn. silicon in- 
creases resistance titanium oxida- 
tion 800 and 1000 11) Silicon can 


The 


The 


alloy was hardened 


15%; but the metal cold- 
worked, the maximum silicon permis- 


sible the sole impurity 0.25%. 12) 


Addition 1.75% appears give the 


all around results. references.— 
8704 


3.7.3 


Weldments the Titanium-Manga- 


nese Sheet Alloy RC-130A. 


Welding (N. Y.), 33, No. 417s-421s 
(1954) August. 


Influence heat-treatment over- 


coming embrittlement weldments 


commercial titanium alloy sheet (con- 
6.5-8% manganese); effect 


When you want put them fast and 
sure last, you won’t wrong 
doing pipeline job like this. The illus- 
tration shows work the last 10-mile 
link network that now brings 
natural gas all the way from the Gulf 
Coast Louisiana Washington 
County, Pennsylvania distance 
over 1,000 miles. 

Because the urgent need for gas, 
installation speed was utmost im- 
portance. Permanence and strength, 


protected 


Enamel 


Then, Bitumastic 70-B was applied, 
thickness in. Finally, coal-tar 
saturated asbestos pipeline felt wrapper 
was applied furnish protective bar- 
rier against damage during handling 
and back-filling. All these operations 
were performed over-the-ditch with 
foot section being run in, 
the average, every two minutes. 

will pay you specify Bitumastic 
Enamel for your next gas oil pipe- 
line. Many lines, protected this dura- 


course, were paramount considerations. ble enamel more years ago, are 
63.15, 5.9.2 insure these factors, steel pipe still excellent condition today. Get 
How Descale Titanium. Dur- Bitumastic 70-B Enamel were selected. touch with for complete 
XIN. Metallurgia, 49, 256 (1954) May. Machine cleaned, the pipe was given estimates. 
stuly was made the removal coat Bitumastic 70-B Primer. 
oxides heat treatment and 
lorging operations titanium, eval- 
the several descaling baths was 
on- 


Paper before Am, Ordnance Assoc., 


Titanium Seminar, Fort Worth, May, 


1954. Modern Metals; 10, Nos. 11; 


48, 50, 52; 42-43 (1954) Nov., Dec. 


resistance salt water and 


KOPPERS 


KOPPERS COMPANY, INC. 


Tar Products Division, Dept. 904-T, Pittsburgh 19, Pennsylvania 
DISTRICT OFFICES: BOSTON, CHICAGO, LOS ANGELES, NEW YORK, PITTSBURGH, AND WOODWARD, ALA 


1994 


corrosion and light weight tita- 
have led its use engine 
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manufacturers for 
compressor blades and vanes, turbine 
housings, fire shields and other parts. 
Favorable results tests made com- 
pressor disk forgings Pont and 
Westinghouse 1949 indicated that 
fabricating problems could 
economically, titanium would 


able engine design. Continued 


the three main alloy systems, alpha, 
beta and alpha-beta being made, Lim- 
ited experimental and production data 
indicates that titanium the annealed, 
unalloyed form behaves like 
stainless steel, while the alloy grades 
are similar the grade. Prob- 
lems encountered forming, drawing 
and welding operations are described 
and forging techniques and machining 
factors are discussed. 


search interstitial elements (oxygen, 
nitrogen, carbon, hydrogen) must suc- 
cessfully completed make titanium 


more useful designers. Illustrations, 
8505 


NOW! 
Low Cost 
Corrosion 


NICKEL-PLATED 
SEAMLESS 


phenol 


0-CLAD 
ipes Tubings Fittings 


The exclusive time-tested BART LECTRO-CLAD 
PROCESS electrolytically deposits corro- 
sion resistant nickel lining the interior 
surface steel pipe from 114” 24” 
diameter and 20-foot random lengths. 


6.4 Non-Ferrous Metals and 


6.4.2, 3.7.3, 2.2.2 

Corrosion Tests Aluminium Alloys. 
Boon. Rept. Metal Corrosie Inst. 
T.N.O. (France), pp., 1954. 

Pure aluminum and eight different alu- 
minum alloys treated various ways 
(welded, soldered, anodized, Alclad) are 
exposed outdoor and accelerated labora- 
tory corrosion and the weight variations 
determined. The method welding (ar- 
gon arc, autogenous, spot, etc.) does not 
affect the corrosion resistance. Best resist- 
ance shown Alclad aluminum-zinc- 
magnesium-copper alloy, provided that 
aluminum alloy and not coated steel rivets 


are used for bonding it—ALL. 8584 
6.4.2, 3.7.3, 3.4.8 

Sub-Grain Boundary Corrosion 
High-Purity Aluminium. 
AND Nature, 174, No. 4429, 


chlorinated organics 


hot caustic liquors 


caustic soda 
alcohols 
glycerine 


natural gas 


caustic potash 


formaldehyde 


Uniform, pore free 
nickel deposit fully 
adherent the 
steel pipe. 


Saves critical nickel, readily available, 
and priced competitively. 


LECTRO-CLAD the answer corrosion and 
contamination problems the conveying 
highly corrosive materials and the 
cost surprisingly modest. 


Write Dept. C-8 today for complete details 
and technical aata. Names large users 
LECTRO-CLAD available request. 


BART MANUFACTURING CORPORATION 


229 Main Street 


Belleville New Jersey 


547-549 (1954) September 18. 
Sub-grain boundaries properly 
treated specimens high-purity 
minum are 
corrosion hydrochloric acid 


taining about 0.5 ppm. copper 


cupric chloride. The attack dee 


and selective. The sub-grain boundary 


corrosion dependent heat 


and increased insufficient 


from annealing temperatures. The de. 


pendence heat treatment 
involve the tendency 
atoms concentrate near these 


6.4.2, 3.8.3, 5.9.4 

Contributions the Action 
line Solutions Aluminium and Aly. 
minium-Alloys. (In German). 


stoffe Korrosion, No. 8/9, 


(1954) August/September. 

High purity aluminum cannot pas- 
sivated 1.16 sodium hydroxide 
tions even when high current 
densities several amp./sq. cm. are 
used. smaller sodium hydroxide con- 
centrations protective layer 
duced which indicated rapid 
crease current caused passivation, 
The covering layer quickly destroyed 
addition chlorine ions. For alu- 
minum-magnesium alloys passivation 
possible with 1.16 sodium 
ide. Passivity favored decreasing 
sodium hydroxide-concentrations. cover- 
ing layer already formed alumi- 
num-magnesium alloys chemical 
action the sodium hydroxide and 
only increased anodic treatment, The 
difference the behavior aluminun- 


magnesium alloys due formation 


the metal surface alkali-soluble 
aluminum hydroxide well magne- 
sium oxide and magnesium hydroxide, 


both insoluble The higher 


rosity the passivating covering layer 
the magnesium-aluminum alloy 
sodium hydroxide concentrations higher 
than 0.01 based the fact that 
aluminum hydroxide and aluminum oxide 
are not fully protected magnesium 
oxide and magnesium hydroxide from 
being dissolved. The activating effect 
chlorine-ions high-purity aluminum 
much stronger than 
magnesium alloys where the passivating 
effect sodium hydroxide aluminun- 
magnesium alloys outweighs the activat- 
ing effect The passivity 
caused magnesium oxide and magne- 
sium hydroxide strong enough not 
destroyed higher chlorine ion 
carbonate, the chemical dissolution power 
aluminum small that the oxide 
layers are not easily 


Therefore, passivity easily obtained 


reduce anodic treatment formation 
protective layers the amount metal 
removed alkaline treatment, 
passivation not possible 
tions used the alkaline treatment— 


ALL. 8708 


6.4.3 

Preparation, Properties and Uses 
Oak Ridge National Chem Eng 
Progr. Symposium Ser. No. 11, Part 
Nuclear Engineering, 53-6 (1954). 

The properties and preparation 
lium are discussed, including corrosion 
sistance atmosphere and water, 
ity hydrochloric, sulfuric 
acids, mineral beryl sources 
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Wherever corrosion problem, Kontol 
playing major part guarding 


against damaging attack. Many leading 
producers, because results obtained 
their own leases, have adopted 


Kontol the standard for comparison 
all their corrosion control procedures. 


current 
are 
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ivation 
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mation 
soluble 
nagne- 
roxide, 
ler po- 
layer 
loy 
higher 
that 
oxide 
nesium 
from 
minum 
ivating 
not to 
sodium 
power 
oxide 
sible 
mation 
metal 

since 
nent.— 


8708 


success the result years 
research and development effort. Be- 


cause this continuing program, Kontol 
provides protection under many corro- 
sive conditions since available 
variety formulas, each designed 


correct differing corrosion problems. 


Corrosion damage can lead well fail- 
ures, extensive production losses and 
costly pulling jobs. The cost preven- 
tion, measured such terms, insig- 
nificant, When you have corrosion 
problem, sure you adopt the best pre- 
ventive measures available. “cheap” 
corrosion inhibitor that affords only 
partial protection can the most ex- 
pensive the long run, 


Don’t take chances. 


Ask your Tretolite man about Kontol 
today. 


TRETOLITE COMPANY 


DIVISION 
PETROLITE CORPORATION 


369 Marshall Avenue, St. Louis 19, Missouri 
5515 Telegraph Road, Los Angeles 22, California 
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Discuss your 


DESALTING problems 
with EXPERT 


Trained, experienced engineers from Humble’s 
Technical Service Division are your service. letter, 
telegram telephone call will bring one them 
your refinery for study your desalting problem 
and specific recommendation for its solution. 


Humble’s Breaxit Desalting Chemicals are out- 
standing the result years specialized study 
and experimentation company that has problems 
similar your own. 


Specifically, Breaxit Desalting Chemicals: 


Help you get maximum refinery runs 


Save you money increasing output 
and efficiency ... 


Extend equipment life 
Make for safer operation. 


DESALTING CHEMICALS 
and sold by: 


HUMBLE OIL REFINING COMPANY 


HUMBLE 


preparation reduction molten miy. 
ture sodium chloride and and mag. 
nesium reduction vacuum melting 
crushing, powder compacting 
hot pressing, mechanical properties 
uum-hot pressed beryllium before 
after warm and hot extrusion and 

6.4.4, 8.9.2 
Magnesium Die Castings Enter the 
cision Metal Molding, 12, No. 58-59 
114-115 (1954) Sept. 
The use magnesium die castings 
has increased over the past five 
with the greatest gain being the auto. 
motive field. part this activity 
tributed periodic shortages 
and aluminum, although the change was 
made magnesium without change 
dies and some cases have shown cost 
saving over the other metals. 
ance large number parts has 
dicated qualities excellent corrosion 
resistance; conditions service included 
three years under all conditions, includ- 
ing salt road splash. The most 
monly used magnesium die casting alloy 
presence 0.0003-0.001% beryllium 
magnesium die castings has been found 
reduce oxidation when the metal 
the molten state and reduce the nor- 
mal melting loss much 30%. 
Magnesium can used any piece 
machinery having reciprocating parts 
reduce inertia and lower power costs— 
8679 


6.4.2, 3.3.4 


Preliminary Research the Possible 
Influence Bacterial Metabolism 
the Corrosion Aluminium Stag- 
nating Water. (In 
Alluminio, 23, No. 399-411 (1954) 
July. 

Corrosion phenomena 
containers filled with stagnant water, 
which were not explainable 
the water itself, were studied the 
light bacterial the pres- 
ent article preliminary results 
research work are presented. 
forms corrosion attack are illustrated 
and general theory outlined bac- 
terial corrosion, The action the micro- 
organisms metals explained due 
the influence bacterial metabolism. 
Reaction mechanisms for different types 
bacteria are described. After 
ing the corrosive action normal and 
sterile drinking water and the behavior 
the most common bacteria contact 
with metals, the effect sulfur reducing 
bacteria aluminum has been studied. 
The results did not show any significant 
influence the common types 
the corrosion aluminum. However, 
from the actual state the investigation 
not possible deduct final 


LL, 


6.4.2, 3.5.8, 5.11 


How Prevent Stress Corrosion- 
Cracking Aluminum Parts. 
174, Nos. 12, 123-125-165-167 (1954) 
Sept. Sept. 16. 

Redesign prevent stress 
after assembly, use properly fitted 
coatings prevent air metal contact. 
Types aluminum alloy 
coatings tested: covers metal com 
pletely keep corrosives from 
ing base metal, acts anodically 
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vent electrolytic corrosion. Photographs, 
micrographs, 8479 


The Oxidation Aluminium-Mag- 


nesium Alloys Steam: Contribu- 
Research Mould Reaction. 
Constitution Oxide Films Formed 
High Aluminium-Mag- 
Inst. Metals, 82, Pt. 107-114, ap- 
pendix: 114-116 (1953) Nov. 

The work described formed part 
research methods preventing the 
reaction between aluminum-10% mag- 
nesium alloy and the steam atmosphere 
generated sand mould, reaction 
causing surface oxidation and gas poros- 
ity the reproduce condi- 
tions giving rise this reaction, small 
cylinders alloys were heated steam 
laboratory apparatus the 
amount reaction was assessed 
the change weight. Tests alloys 
0.0001-0.15% beryllium, the 
element usually added inhibit mould 
reaction, disclosed minimum reactivity 
beryllium, suggesting that 
hits the optimum addition. The rate 
obeyed log law. Reducing the mois- 
ture content the atmosphere the 
apparatus dilution with argon de- 
creased the reaction, Investigation 
the effect impurities the inhibit- 
ing action beryllium showed sodium 
the only harmful one, 
con, copper, calcium, potassium and car- 
bon being innocuous. Prior degassing 
the metal with nitrogen, chlorine and 
hexachlorethane, the melting 
fluxes based chlorides potassium 
and magnesium ad- 
ditions titanium and boron were also 
harmless. Small additions cerium, 
niobium, tantalum, thorium, vanadium and 
zirconium, selected account the 
properties their oxides, had some in- 
hibiting effect the reaction, both 
the presence and absence beryllium, 
but was too small have any practi- 
cal application the foundry. From the 
tron-microscope examinations oxide 
appeared unlikely that the pro- 
tective action beryllium could at- 


EQUIPMENT 


7.1 Engines, Bearings and 
Turbines 


4.4.7 
Designing Performance Into Motor 
Paper before Nat. Petrol. Assoc., Ann. 
Atlantic City, September 16, 1954. 
Refiner, 33, No. 10, 110-115 
(1954) October. 

objective the new motor-oil 
development the Socony-Vacuum Oil 
Co. was the reduction corrosive wear. 
Greater use cars for short trips has 
conditions favorable corro- 
attack, short trips not permit 
high enough jacket tempera- 
lures prevent condensation corro- 
combustion products the ring 
and cylinder surfaces. New oils, differing 
viscosity characteristics and additive 
level have been developed attempt 
decrease wear. Graphs point out 
motor oils and yearly car 
mileage engine 8727 
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the time-tested quality coal tar coating 
tape form...now made with Xtra thickness 
coal tar farther, faster pipe, pipe 
joints, fittings, mechanical couplings, tanks 
and other surfaces vulnerable corrosion. 


See how the Xtra thickness coal 

tar built into TAPECOAT-X pro- 

vides extra protection per foot tape. This extra thickness coal 
tar, made possible new exclusive process, permits single-wrap 
application that can applied faster and over greater area for 
savings labor, material, time and money. 


These and other practical advantages make worth your while 
get the complete details TAPECOAT-X. 


Write for literature today 


1521 Lyons St., Evanston, Illinois 
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Polar-type DOWELL inhibitor checks expensive well corrosion 


oil, gas gas condensate wells, program Corban® 


treatments can prevent literally thousands dollars 
needless equipment replacement. Dowell’s modern, 
polar-type inhibitor, can virtually end costly corrosion 
damage thanks protective molecular film. 


Available both liquid and stick forms, inexpensive, 
easy-to-use Corban mixes readily with well oil brine. 
Passing freely through well tubing and valves, places 
tough, invisible shield molecules every metal 


services for the oil industry 


with protective molecular film 


tinues, Corban sustains this protective film. 
Corban entirely avoids the emulsion difficulties 
ated with some anti-corrosion treatments. 


buy Corban, for treatment recommendation 
more information, call any the 165 offices 
the United States and Canada; Venezuela, 


United Oilwell Service. write Dowell 


Tulsa Oklahoma, Department I-77. 
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The Duriron Company 
has manufactured 
pumps, valves, and oth- 
engineered corrosion 
equipment 
DURIRON® and other 
alloys for more 
than forty years. 
DURIRON® high 
iron alloy that 


IMPRESSED CURRENT 


ANODES 


are here stay! 


Salt water installations 


a 


one the most nearly 
universal corrosion re- 
sistant materials ever 
developed. These non- 
‘expendable character- 
istics are maintained 
under conditions im- 
pressed current. Com- 
plete details are con- 
tained bulletin DA/1. 


Ground bed installations 


For cathodic protection fresh water tanks, 
piers ships salt water, pipe lines, lead 


sheathed cables, look DURIRON® anodes 
for easy installation and long service life. 
DURIRON® anodes have: 

Unexcelled corrosion resistance 


Electrical properties comparable steel 


current limitations 


undesirable corrosion products 


DURIRON® anodes are available from stock 
wide range designs and sizes for va- 


riety applications. 
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THE DURIRON COMPANY, 
Dayton, Ohio 
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Coated with Enamel 


TAR BASE 


Enamel 


YEARS FROM TODAY? 


you measure bargain terms first cost 
plus yearly upkeep and maintenance, come 
with only one answer: Tar Base Enamels. For 
these tough, durable enamels have proved their 
ability resist soil stress and water absorption 
—two principal reasons why “economy” coat- 
ings fail and cause maintenance expenses soar. 

Why risk large, long-term investment 
few first-cost dollars your protection 
bill? Specify Pitt Chem Tar Base Enamels, just 
scores leading pipeline companies each 


PITT CHEM®TAR BASE ENAMELS 


Standard Modified Grade 
Plasticized Grade Hotline 
Cold Applied Tar Base Coatings 


year, and sure economical, longer-lasting 
protection. 

When you buy Pitt Chem you buy assured 
line protection with every drum, because Pitt 
Chem Tar Base Enamels are manufactured 
rigid, published specifications basic producer. 
Write today for further information technical 
assistance. 
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